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 ABSTRACT 
ERGONOMICS STUDY OF A HELMET-MOUNTED 
AUGMENTED REALITY SYSTEM FOR COAL POWER PLANT 
WORKERS 
 
 
Ashley M. Toll, B.S. 
 
Marquette University, 2019 
 
 
Augmented reality (AR) is a technology that combines real and virtual 
information presented to the user in an interactive way in real time.  The Microsoft 
HoloLens and RealWear HMT-1 are two common types of head-mounted AR available 
to industrial field workers.  These two AR systems were tested on how they affected 
indicators of eye strain and forces of the neck and shoulder muscles for electric utility 
power plant operators while they performed five routine inspection tasks using coal 
burning equipment.  The inspection tasks were conducted under three conditions: 
HoloLens, HMT-1, and absence of AR (normal).   
 
The duration of the inspection tasks ranged from an average of 10 to 28 s.   
Twelve experienced power plant operators participated in the study. Surface 
electromyography (sEMG) of the right and left sternocleidomastoid, splenius, 
semispinalis capitis, and upper trapezius muscles were measured, and a small camera 
recorded blink rate of the right eye.  Results show there were generally no significant 
differences in 50th and 90th percentile sEMG between the three conditions for all eight 
muscles.  Although blink rate did not vary significantly between the experimental 
conditions, a trend appeared that showed average HoloLens blink rate lower than the 
HMT-1 and No AR (~ 4.5 blinks/min;28% decrease).  Lower blink rate is a risk factor of 
eye strain, and data from this experiment suggest that the HoloLens may cause eye strain.  
Longer durations of sustained HoloLens usage must be tested to determine whether the 
HoloLens presents risk of eye strain to electric utility field workers.    
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1. INTRODUCTION 
Augmented reality (AR) is an approach by which viewing of the real world is 
superimposed with a digital overlay in real-time (Tilley, 2016). Some qualities of AR are 
that it combines real and virtual information, is interactive in real time, and is operated 
and used in a 3D environment (Kipper, 2013).  A common example of AR is the 10-yard 
line (first down line) that is superimposed when broadcasting live football games. The 
actual field and players are part of the real environment and the line is the virtual aspect 
that is interactive in real time. Another example of AR is the gaming application 
Pokemon Go in which users try to capture all the Pokémon. The application creates a 
digital overlay of the characters outside in public places such as on the sidewalk, using 
your phone’s AR capabilities, GPS, and camera (shown in Figure 1). 
 
Figure 1. Example of a person using the Pokemon Go application on a smart 
phone (Snyder, 2016). 
 
AR is becoming a part of workers daily lives, including workers at utility 
companies. According to Chi et al. (2013), AR technology is predicted to increase 
productivity and safety in the electric utilities field. AR is especially useful for electric 
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utilities due to the high level of mobility of AR and the real time delivery of information. 
However, there have been limited studies done to determine how AR affects worker 
safety, ergonomics, performance, and quality of work. There are still many issues with 
AR technology in regards to human factors and ergonomics (Klinker, 1999). 
Most research to date has focused on the functionality of the devices, such as 
looking into the challenges due to limitations on technology (Redaelli, 2008). Other 
studies have developed guidelines for future research, such as one conducted by Stedman 
et al. (2000) that provided recommendations for future work characterizing the cognitive 
load caused by AR. Other research has been done to limit and decrease the amount of 
muscle fatigue and eye strain by providing design recommendations. Studies such as ones 
done by Bertuccelli et al. (2014) and Redaelli et al. (2008) have attempted to find the best 
ergonomic designs of AR devices. There have also been studies done to limit eyestrain by 
determining qualities such as the best graphics and text legibility for AR devices (di 
Donato, 2015; Hua, 2007).  
To date, there are no data on how AR systems affect situational awareness of field 
workers using helmet-mounted AR, no data on how AR affects eye strain for long 
durations of use, and no data on the long term effects if employees were to use AR daily 
for sustained periods of time. Before AR is implemented into the electric utility field, 
several research gaps need to be filled both subjectively and quantitatively, such as:  
 How does the added mass of AR affect muscle loading and muscle fatigue, 
 How does AR affect eye strain, and 
 How does AR affect the perception of safety and situational awareness 
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These research gaps raise many important questions. With the extra weight of the 
helmet, are the neck and shoulder muscles experiencing discomfort or fatigue? Are 
workers able to make safe movement of their head while performing tasks? Are the 
devices causing dry eye syndrome, eye strain, or symptoms of headache? Is the device 
causing cognitive overload or reduced attention to hazardous tasks? Is the worker still 
able to safely perform daily activities such as walking, going up and down stairs, and 
ascending or descending a ladder? 
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2. LITERATURE REVIEW 
 Augmented Reality in the Industrial Workplace 
According to Digi-Capital, it is estimated that approximately $108 billion dollars 
per year will be spent on AR and VR by 2021, with AR accounting for three quarters of 
that number cited. Early versions of AR have been around since the 1950s, when heads 
up displays began being installed in fighter jets (The Economist, The Promise of 
Augmented Reality, 2017). More recently, technologies such as Google Glass, mobile 
gaming application Pokémon Go, and Snapchat have taken augmented reality a step 
further into the commercial market.  
Google Glass went on sale to the general public in May of 2014. This AR device 
is monocular, and a user can interact with Google Glass by swiping or tapping a trackpad 
that is on the frame of the glasses or by speaking. Google Glass is more of a proof of 
concept device – the 2014 released version had no ability to overlay digital information 
on physical objects. A user was able to access emails, texts and the internet via voice 
activation. These glasses caused a controversy with the general public concerning 
privacy. According to an article in the New Yorker (Gross, 2014), people assumed it was 
recording at all times, even though it was not and lit up when it is recording. There were 
also misconceptions about its facial recognition abilities. All of this ultimately led to the 
first edition of Google Glass being removed from the market. Even so, Google Glass 
opened up the AR field, showing the potential of AR devices. 
Pokémon Go, a gaming application in which users try to capture all the Pokémon, 
created a digital overlay of the characters and different virtual loot, such as evolve items 
that allow you to evolve one of your Pokémon into a new evolution, outside in public 
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places such as parks. One character may be sitting on a bench to collect and another may 
be located under a tree. According to Business of Apps (Dogtiev, 2018), in its first day, 
Pokémon Go had approximately 6 million downloads and had an average of more than 20 
million active users per day, both record breaking numbers for mobile gaming 
applications.  
Snapchat, a social media application in which users send pictures and videos to 
each other, has also utilized smart phones capabilities of AR by creating filters that 
overlay on users’ faces and creating a 3D bitmoji to create a character projection of 
oneself onto the real world (Author, 2018). Snapchat had approximately 186 million daily 
active users in the fourth quarter of 2018 (Daily Active Users of Snapchat, 2019). The 
popularity of both Pokémon Go and Snapchat highlights the ability of AR to become a 
dominant force in changing the way we interact with technology and the potential to 
disrupt the way we think about and do work.  
One important aspect of AR, and any new technology, is to ensure that the 
technology is providing an actual benefit, such as improving productivity. In 2016, Meta 
and Accenture Labs did a study with a Lego lighthouse set to determine the benefits of 
immersive AR instructions for procedural tasks (Baldassi, 2016). There were three 
conditions in which 77 study participants (45 men, 32 women) were randomly assigned. 
The first condition was to use the traditional paper instructions with 25 participants. The 
second condition was a static 3D AR representation of the instructions with 28 
participants. The static AR condition created a 3D view of the Lego instructions; 
however, it was locked in place. The third condition was a dynamic 3D AR 
representation with 24 participants. The dynamic AR condition introduced rotation into 
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the 3D instructions. The study found that participants that used the static 3D AR 
representation were slower than participants that used the paper instructions. It also found 
that participants that used the dynamic 3D AR instructions were faster than those that 
used the paper instructions and the static 3D AR instructions. This indicates that dynamic 
rotation and motion may be important in increasing productivity on procedural 
instructions with AR.  
An article from the Harvard Business Review Titled Why Every Organization 
Needs an Augmented Reality Strategy (Porter, 2017), written by Michael Porter and 
James Heppelmann, reported how AR bridges the gap between the abundance of data 
available to us and the real world, becoming the interface between people and machines. 
AR has the ability to “transform how we learn, make decisions, and interact with the real 
world.” Businesses are testing AR devices for use cases such as production-assembly, 
service instructions, and training. One example of an application is in the medical field, 
in which AR allows clinicians to use the heat produced by a patient’s veins to provide a 
superficial mapping of the veins on the patient’s skin. This application makes it easier for 
a clinician to locate a patient’s veins (Porter, 2017). Another example of AR is in 
designing and building U.S. Navy aircraft carriers. Newport News Shipbuilding is now 
using AR for their inspection process (Porter, 2017). During this process, steel 
constructions structures that are not part of the final ship need to be marked for removal. 
Using AR instead of 2D blueprints, they have been able to reduce the time of inspection 
from 36 hours to 90 minutes, a 96% reduction.  
A study done by Boeing with trainees assembling an aircraft wing section found 
that with AR, trainees were able to reduce the time of completion by 35% (Porter, 2017). 
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They also found a 90% increase in the number of trainees that were able to assemble the 
section correctly on the first attempt. The AR provided interactive, 3D wiring diagrams to 
to the trainees. These results agree with the previous mentioned Lego study, in which 
dynamic 3D AR instructions were able to decrease completion time for procedural tasks. 
Lee Company, a company that sells and services building systems, has used AR to allow 
experts to remotely assist field technicians during installations and repairs. With this 
capability, experts no longer have to travel to the job site, saving both time and money. 
Lee Company has estimated that with AR, it has saved more than $500 per technician per 
month in labor and travel costs and has a return of $20 on every dollar invested in AR 
(Porter, 2017).  
Logistic companies such as KPN and Intel are using AR to assist workers in 
picking items from shelves in their warehouse (Porter, 2017). The AR directs the worker 
to the location of the item they are looking for, while informing them of the best route to 
take to get there. KPN has found that with using AR, there has been a 25% increase in 
productivity. Intel has found a 29% decrease in time it takes to locate the correct item 
(Porter, 2017). Xerox has implemented AR for their field engineers making repairs. The 
AR assists the engineers by providing service-history data, diagnostics and accessibility 
to remote experts and has increased first-time fix rates to 67%. They have also used AR 
to directly connect customers to technical experts, increasing the rate at which issues are 
fixed by 76% while its customer satisfaction has increased to 95%.  
Another such study investigated the use of AR in assembly processes 
(Wiedenmaier, 2003). The three conditions investigated were paper instructions, a 
tutorial with an expert, and AR. In the study, a participant was asked to complete 22 tasks 
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to assemble a car door. Subjects were randomly assigned to one of the three conditions. It 
was found that a tutorial with an expert had the fastest assembly time, AR had the second 
fastest, and paper instructions were the slowest. The study also found that while AR did 
decrease the assembly time for complex tasks such as mounting a window regulator, it 
did not decrease assembly time for simple and repetitive tasks such as attaching wire 
clips. 
In a presentation at the 2019 DistribuTECH Conference, electric utility company 
Fortis Alberta in Canada, along with representatives from Clevest and EDX 
Technologies, detailed different aspects of the electric utility field that AR may be 
beneficial, such as asset recognition in which the devices camera, GPS, and GIS data can 
help utility workers correctly identify different assets. This function could also provide 
useful information on the specific asset such as attributions, documents and site visit 
history. Additionally, AR could assist in tracing, in order for utility workers to be able to 
find the next protective device or which customers are connected to specific assets. The 
device could also provide SAP notifications that would provide information on pending 
work on associated assets. Along with this information, it could display possible site 
hazards such as dangerous animals or people, creating a safer work environment. Lastly, 
the utility worker could use the device for remote assistance with an expert, giving 
electric utilities the ability to share the wealth of knowledge from experts over a wider 
array. Additionally, examples of some pilot projects done by Clevest for electric utilities 
are using AR and drone pilots for asset inspections, remote worker assistance, locating 
assets, and training tutorials. 
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 Neck Pain and Electromyography of Neck and Shoulder Muscles 
Using the 2012 National Health Interview Survey, the U.S. Center for Disease 
Control found that approximately 14.3% of adults over the age of 18 had experienced a 
musculoskeletal pain disorder of neck pain during the previous year (Clarke, 2016). In an 
investigation by the Journal of the American Medical Association, it was found that low 
back and neck pain were the third highest cost in ambulatory care in the United States, 
with an estimated $87.6 billion being spent on it in 2013 (Dieleman, 2016). Additionally, 
the study found that the spending on low back and neck pain increased the most, over an 
18-year period, increasing costs by approximately $57.2 billion. With neck pain being a 
common health concern, technology that may risk muscle fatigue and pain of the neck 
and shoulder muscles should be analyzed to determine its effect.   
Many studies have found a connection between the neck flexor and extensor 
muscles and the prevalence of neck pain. Specifically, studies have found that patients 
that experience neck pain have a higher activation of neck flexor and extensor muscles 
(Lindstrom, 2011; Zito, 2006; Johnston, 2008; Lindstrom, 2005). People with neck pain 
have also been found to have an increased antagonistic activation of the superficial neck 
muscles (Falla et al., 2004a; Fernandez-de-las-Penas et al. 2008). 
In a study done on female office workers that have neck pain, researchers sought 
to determine physiological differences between office workers with and without neck 
pain (Johnston, 2008). In this study, 107 females, 85 of which experienced neck pain, 
were studied. Subjects were separated into four groups: no pain, mild pain, moderate pain 
and a control group, which were determined based on subject’s pain index. Surface 
electromyography (EMG) activity of the upper trapezius, cervical erector spinae, sternal 
head of the sternocleidomastoid and anterior scalene muscles was measured. In part of 
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this study, they conducted a craniocervical flexion test to analyze the activity of the 
surface neck flexor and extensor muscles. For the right sternocleidomastoid EMG, there 
was higher EMG activation in the mild and moderate neck pain groups compared to that 
of the no pain and control group. This was also true for the left sternocleidomastoid and 
right and left anterior scalene muscle. A unilateral muscle coordination task was also 
done assessing the activity of the anterior and posterior neck muscles during a dynamic 
arm activity. They found that participants with neck pain relaxed the upper trapezius and 
cervical extensor muscles at a slower rate than participants without neck pain. In general, 
workers with mild and moderate neck pain experienced more activation in the superficial 
neck flexors than subjects without pain and the control group. Therefore, in muscles such 
as the SCM and upper trapezius, a higher level of activation may indicate that the subject 
is at risk for neck pain.  
Another study characterized the relationship between neck muscle coactivation, 
neck muscle strength and neck pain (Lindstrom, 2011). This study analyzed 13 women 
that experienced neck pain and ten women who had no history of neck pain. Surface 
EMG of both the sternal head of the sternocleidomastoid muscle and the splenius capitis 
muscle, located at the C2-C3 level was measured. In general, the study found that the 
subjects with neck pain experienced a higher level of coactivation of the 
sternocleidomastoid and splenius capitis muscles compared to that of the control group. 
The study also found that a higher level of coactivation of the splenius capitis muscle was 
associated with lower neck strength and higher levels of neck pain. 
Ergonomic studies have tried to decrease the muscle activation of neck flexor and 
extensor muscles in order to decrease neck pain. One example of this was a study done 
11 
 
by Harrison et al. (2007) in which they tried to reduce the occurrence of neck pain in 
helicopter pilots using night vision goggles with a counterbalance placed on the occipital 
region of the cronio-cervical area. 
In study done by Quinzi et al. (2019), a Neck Balance System (NBS) was 
analyzed to determine the devices effect on the neck muscles during static office tasks. 
The NBS was a hat with a weight applied over the occipital region of the brain. The study 
focused on measuring the surface EMG of the sternocleidomastoid, a neck flexor, and the 
semispinalis capitis, a neck extensor. The NBS reduced the activation of neck extensor 
muscle semispinalis capitas (NBS = 3.97%, No Device = 4.61%) and had no effect on 
neck flexor muscles. The percent maximum voluntary contraction (MVC) of muscles in 
this experiment ranged from approximately 1.5% to 5%. The NBS creates an extension 
moment that counteracts the head from tilting forward. This concept is important because 
studies have found that a prolonged forward head posture can increase both neck muscle 
activation and spinal compression (Schuldt, 1986). 
Neck pain has been a prevalent problem with helicopter pilots, especially during 
night flights (Forde, 2011). During flight, they are required to constantly check around 
the helicopter, resulting in their tilting and turning their neck and head in non-neutral 
positons. Additionally, night flight requires night vision goggles that are mounted 
anteriorly on the pilot’s helmet. Some pilots counteract this extra weight by adding a 
counterweight posteriorly which adds approximately 14 N to 36 N (3 to 8 pound-force) of 
mass to the pilot’s helmet. Forde et al. (2011) hypothesized that night vision goggles 
require the pilot to position their head in non-neutral postures more frequently, resulting 
in an increased rate of neck pain, due to the decrease in peripheral vision from 140° to 
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40°. Neck posture and neck compression forces were measured during two different 
simulated flights. The first was a day flight, in which night vision goggles were not worn. 
The second was a night flight, in which night vision goggles, and a counterweight, were 
worn. They found that neck compression increased significantly from 583 kN for the day 
flight to 694 kN during the night flight. This loading was thought to be caused by first, 
the extra weight added from the night vision goggles/counterweight and second, the 
additional time spent in non-neutral positons. Additionally, it was found that pilots spent 
51.8% in neutral flexed postures during day flight, decreasing to 13.5% during night 
flight. Additionally, pilots spent 61.2% of their time in neutral twisting postures, 
decreasing to only 35.6% with night vision goggles. 
 Anatomy of Neck and Shoulder Muscles 
The sternocleidomastoid (SCM), also called the sternomastoid, is a muscle in the 
neck that acts as a neck flexor (Basmajian, 1998). The SCM originates at the manubrium 
sterni and clavicle and has an insertion at the mastoid process at the base of the skull. 
When a person contracts both their right and left SCM, the neck is flexed, as seen in 
Figure 2. Contracting only one side of the SCM tilts the chin up and to the other side. To 
contract the left SCM, a person can place the right palm over the right temple and rotate 
their head to the right, resisting the motion of their head with their hand. To contract the 
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right SCM, a person can place the left palm over the left temple and rotate their head to 
the left, resisting the motion of their head with their hand.  
 
The semisplinalis capitis (SMP) originates on the upper thoracic vertebral arches 
and is inserted on the skull (Basmajian, 1998). The SMP covers deeper and smaller 
muscles and functions as a cervical extensor, extending the head when contracted. If only 
one side of the muscle is contracted, it will turn the head tilting the chin up and to the 
same side of contraction.  The semispinalis capitis (SMP) can be contracted by placing 
both palms on the back of head with fingers locked, resisting neck extension.  
The splenius (SPL) runs originates from the lower cervical and upper thoracic 
vertebral arches (Basmajian, 1998). It is inserted on the skull and acts as a head extensor. 
If only one side is contracted, the head will be turned towards the same side with the chin 
tilted up. To activate the left SPL, a person should place the left palm on the left rear of 
the head and resist head rotation to the left. To activate the right SPL, a person should 
place the right palm on the right rear of the head and resist rotation to the right. 
Figure 2. Left: Location of the sternocleidomastoid (SCM) muscle. When 
both the right and left SCM are contracted, the neck flexes. Right: Location of the 
semispinalis capitis (SMP) muscle.  
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The upper trapezius (TRAP) is part of the larger trapezius muscle that covers the 
back of the neck and upper half of the trunk (Basmajian, 1998). The upper trapezius 
functions to shrug the shoulders and keep them upright. To contract the upper trapezius, a 
person should place palms on back of their head with fingers locked and lift the shoulders 
– therefore shrugging them. 
  
Figure 3. Left: Location of the splenius (SPL) muscle (called the splenius capitis in this 
image). Right: Location of the trapezius muscle. The upper trapezius (TRAP) is noted as 
the Superior Region in this image. 
15 
 
 Anatomy of the Eye 
 
 
There are three tissue layers that make up the outer portion of the eye: the outer 
sclera, the middle choroid, and the inner retina (Hall, 2015). The outer sclera is a white 
fibrous protective layer. The cornea is on the anterior side of the sclera. The middle 
choroid absorbs light of all visible wavelengths, making it black in color. The choroid 
brings blood to the inner layer of receptor cells of the eye. The iris and ciliary body are 
formed on the anterior side of the choroid. These structures are the intrinsic eye muscles 
and they surround the lens of the eye. Suspensory ligaments attach the ciliary body to the 
edge of the lens and the iris extends down the anterior side of the lens. There is a hole in 
the choroid in which the iris is exposed; this is known as the pupil which allows light to 
enter the eye. The inner retina, covering only the back two thirds of the eye ball, contains 
rods and cones, which are photoreceptors. The rods allow the eye to see in dim light, but 
are not able to see color or provide good visual acuity. The cones allow the eye to see 
color and have high visual acuity, but are not able to perform in dim light. Rods and 
cones are considered to be part of the eyes light reflex.  
Figure 4. Image of the human eye and 
its anatomy. 
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The eye is a biconvex lens (Hall, 2015), and accommodation is defined as the 
eye’s ability to adjust the refractive power of the lens to be able to see both near objects 
and distant objects. By adjusting the refractive power, it adjusts where the rays focal 
point will fall on the retina. The eye accommodates in order to ensure the focal point 
always falls on the fovea centralis of the retina, which is the area of greatest visual acuity. 
When looking at near objects, the ciliary muscles contract to increase refractive power of 
the lens. This process decreases the diameter of the ciliary body, which also causes the 
suspensory ligaments to relax and causes the lens to bulge, increasing the refractive 
power. When looking at distant objects, the ciliary muscles relax to decrease the 
refractive power of the lens. This process increases the diameter of the ciliary body which 
increases tension on the suspensory ligaments, thereby flattening the lens and decreasing 
the refractive power.  
The iris has radial and circular muscles that dilate and contract the pupil. When 
the radial muscles contract, the pupil dilates and more light is passed onto the retina. 
When the circular fibers contract, the pupil constricts and less light is passed onto the 
retina. Eyes relax when viewing objects at a long distance (greater than 20 feet) in 
daylight. When the eye needs to focus on an object at a near distance (10 inches or less), 
the eyes need to activate significantly more muscles, causing the eyes to tire (Yan, 2008). 
The external structures of the eye, known as the upper and lower eyelids, open 
and close over the surface of the eye (Silverthorn, 2016). A system of glands and ducts 
secrete tears. When the eyelids close, tears are spread across the eye, which moistens the 
eye and frees it of debris. This process is known as blinking.   
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 Eye Fatigue 
According to literature, two physiological indicators of eye strain are blink rate 
and pupil diameter. Yan et. al. (2008) found that eye strain can be measured 
quantitatively by blink rate. Specifically, if blink rate significantly decreases while using 
a computer, it may be indicative of eye strain. Other studies have also confirmed this 
relationship (Abelson, 1999; Blehm, 2005). In a study of 104 office workers, Tsubota and 
Nakamori (1993) found that the mean blink rate was 22 blinks per minute while relaxed, 
10 blinks per minute while viewing a book and 7 blinks per minute while viewing a 
screen. 
There are two different reflexes concerning pupil diameter. One is considered the 
light reflex and the other is considered the near reflex. According to Saito et al. (1994), 
when a change in light intensity enters the eye, the pupil will either constrict or dilate. If 
the light intensity increases, the pupil constricts, and if the light intensity decreases, the 
pupil will dilate. This process is known as the light reflex. If a person is asked to look at 
an object close to their eye (assuming a constant light intensity), the pupil will also 
constrict. This constriction is caused by the sphincter pupillae, the ciliary muscle, and the 
medial recti of the extraocular muscles. This reflex, which is independent of light, is 
referred to as the near reflex. Saito (1994) found that “both the accommodation function 
and pupil size are considered to be important physiological indices for the evaluation of 
visual fatigue due to work”. In other words, as visual fatigue develops, the pupil diameter 
shrinks (Murata, 2001; Saito, 1994).  
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Figure 5. Accommodation for near and far objects of the eye (Kramida, 2016). 
 
To effectively evaluate fatigue based on pupil diameter, three conditions need to 
be met (Murata, 2001): 
1. Head movement is limited and infrequent. 
2. Task requires focal accommodation. 
3. There is no outstanding change in the lighting environment such as luminous 
intensity or brightness during the task. 
If these three conditions are met, there is a strong relationship between the 
decrease in pupil diameter and the increase in the feeling of visual fatigue. 
In a 1974 study, Geacintov and Peavler tested 17 telephone operators using a 
microfilm over a time period of 3 minutes. Overall, there was a mean beginning pupil 
size of 4.5 mm that decreased by 0.43 mm (approximately 9%) for the duration of the 
trial. From their results, it was determined that pupil diameter may be useful in 
determining eye fatigue. More specifically, the change in pupil diameter over a period of 
time should be analyzed for eye fatigue rather than relying upon absolute diameter. If the 
pupil diameter decreases, this may be an indicator of eye fatigue. 
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 Research Voids and Objectives 
There are several objectives for this study. This study will investigate: 
 The effect of helmet-mounted AR systems on neck and upper back muscle 
forces 
 How AR affects eye strain for electric utility workers, specifically power plant 
operators, and 
 How AR affects the perception of safety and situational awareness. 
In this thesis, the term “augmented reality” will refer to head-mounted display AR 
systems unless otherwise noted. These systems are directly mounted to a user’s hard hat 
and the user sees the augmented reality content through either a monocular or binocular 
optical element. A binocular AR system is typically a device that covers both eyes and 
the AR content is seen by both eyes from a single viewing channel (Aukstakalnis, 2017). 
A monocular AR system is typically a device that has a small display element that 
provides a single viewing channel to one eye, while the other eye is free to view the 
ambient environment (Aukstakalnis, 2017).   
This study will not investigate: 
 the long term effects of AR  
 the neck and head postures caused by AR devices, nor will it 
 quantify the effect AR has on situational awareness or safety. 
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3. METHODOLOGY 
 Experimental Design 
3.1.1 Independent and Dependent Variables 
 
The independent variable in this study is the AR technology. There are three 
levels for this variable: the Microsoft HoloLens, the Realwear HMT-1, and no AR.  
There are four dependent variables in this study. The first dependent variable is 
the EMG %MVC of eight muscles. The muscles are the:  
 left and right sternocleidomastoid 
 left and right splenius 
 left and right cervical extensors 
 left and right upper trapezius.  
The 50th percentile (median) and the 90th percentile (peak) will be used for comparison 
between the independent variables.  
Figure 6. The three levels of the independent variable, AR technology, for this study. 
Left: Microsoft HoloLens. Middle: Realwear HMT. Right: No AR. 
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The second dependent variable is eye strain. This will be analyzed by measuring 
the blink rate and pupil diameter of the subject’s right eye. The blink rate will be 
normalized to a 60 second period and the change in pupil diameter will be analyzed as a 
percentage. The third dependent variable is task duration and the fourth dependent 
variable is a subjective assessment of the AR devices with a Likert scale. 
3.1.2 Hypothesess 
There are four hypotheses for the study. The first is that the extra weight of the 
AR device will increase the biomechanical loading on the neck and shoulder muscles. 
The null hypothesis is: 
𝐻0: 𝜇𝐻𝑜𝑙𝑜𝐿𝑒𝑛𝑠 = 𝜇𝐻𝑀𝑇 = 𝜇𝑁𝑜 𝐴𝑅 
And the alternative hypothesis is: 
𝐻1: 𝜇𝐻𝑜𝑙𝑜𝐿𝑒𝑛𝑠 ≠ 𝜇𝐻𝑀𝑇 ≠ 𝜇𝑁𝑜 𝐴𝑅 
Figure 7. Images of the four dependent variables. Surface EMG 
picture was taken from EMG Systems, 2019. 
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The second hypothesis is that the using an AR device will increase the user’s risk 
for eye strain. For blink rate, the null and alternative hypotheses are: 
𝐻0: 𝜇𝐻𝑜𝑙𝑜𝐿𝑒𝑛𝑠 = 𝜇𝐻𝑀𝑇 = 𝜇𝑁𝑜 𝐴𝑅 
𝐻1: 𝜇𝐻𝑜𝑙𝑜𝐿𝑒𝑛𝑠 ≠ 𝜇𝐻𝑀𝑇 ≠ 𝜇𝑁𝑜 𝐴𝑅 
For pupil diameter percentage, the null hypothesis is that there is no significant 
difference in pupil diameter percent change for the HoloLens, HMT, and no AR 
conditions while performing the coal feeder inspection tasks and daily activities of plant 
operators. The alternative hypothesis is that there is a significant difference in pupil 
diameter percent change for the HoloLens, HMT, and no AR.  
The last hypothesis is that there will be no difference in the subjective assessment 
ratings between the Microsoft HoloLens and the Realwear HMT. The null hypothesis is 
that there is no significant difference in ranking between the HoloLens and the HMT for 
all subjective assessment questions. The alternative hypothesis is that there is a 
significant difference in ranking between the HoloLens and the HMT for all subjective 
assessment questions. 
 Participants 
3.2.1 Selection 
Subjects for this study were recruited from plant operators employed by WE 
Energies at the Elm Road Generating Station (ERGS) Coal Power Plant in Oak Creek 
Wisconsin. Subjects recruited were between the ages of 18 to 65 years old and had no 
past or present injuries that could be exacerbated by participation in the study. Plant 
operators volunteered for the study, and plant operators were contacted by direct person-
to-person solicitation and written consent via an informed consent form was required.  
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3.2.2 Sample Size 
Twelve subjects were recruited to participate in this study. No power analysis was 
done to determine sample size because this study is a pilot study and descriptive in 
nature. Twelve subjects are sufficient for this descriptive study to gather insight into how 
AR is used for power plant work. A follow-up study will be likely, in which case a power 
analysis should be used to perform an inferential study. 
3.2.3 Background Information and Anthropometric Measurements 
The operators were an average of 41.8 ± 9.6 years old (range 27-56 years) with an 
average of 8.2 ± 3.6 years of experience as an operator (range 4-18 years). Of the 12 
subjects, 11 were right eye dominant and 1 was left eye dominant. Six subjects wore 
glasses/contacts and six subjects did not. 
Table 1. Background information and anthropometric measurements for the 
twelve subjects that participated in this study. 
 Age 
[year] 
Height 
[cm] 
Weight 
[kg] 
Head Girth 
[cm] 
Length of Work 
with Employer 
[year] 
Length of 
Work in 
Current Job 
[year] 
Average 41.8 180.8 105.6 57.2 8.7 8.2 
SD 9.6 6.8 20.6 2.1 3.6 3.6 
Min 27.0 162.3 82.6 53.2 5.0 4.0 
Max 56.0 190.0 159.2 60.9 19.0 18.0 
 Testing Location and Equipment 
3.3.1 Coal Power Plant 
Testing was conducted at a coal power plant in Wisconsin. This power plant is 18 
stories tall and its first unit has been in service since 2010 (its second unit was in service 
since 2011). The plant operates for 24 hours per day and its generating capacity is 634 
megawatts per unit (Elm Road Generating Station, 2017). The plant has operators as well 
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as a control room to monitor the various pressures, temperatures and other measurements 
to monitor the plant condition.  
The floor levels of the plant are based on feet above sea level; for example, there 
are several Pulverizers on Elevation 593 and the Boiler Feed Pumps are located on 
Elevation 643. Rows are done vertically on the floor by number and columns are across 
horizontally, indicated by letters. For example, Feedwater Heaters 7A and 7B are in the 
same row but are in different columns.  
In the power plant, there are several personal protective equipment (PPE) 
requirements. A worker needs to wear a long sleeve cotton shirt, long pants, and steel toe 
shoes. A person must wear a hard hat and, because of the noise levels in the power plant, 
ear plugs are required. Additionally, safety glasses are required on the plant floor. 
During testing, the power plant was an average of 25.3 ± 2.7 °C (20.7 °C to 29.4 
°C) and 31.2% ± 14% relative humidity (13% RH to 59% RH). There was an average 
light level of 77.8 ± 67.7 lux (11.6 lux to 183 lux), and the noise level was an average of 
82.5 ± 1.0 dBA (81 dBA to 84 dBA). 
3.3.2 AR Devices 
The two devices tested were the Microsoft HoloLens (first generation) and the 
Realwear HMT-1. In this study, the Microsoft HoloLens (first generation) will be 
referred to as the HoloLens and the Realwear HMT-1 will be referred to as the HMT. 
Both of the devices were mounted on an MSA Topgard Cap Style hardhat (Model #: 
454728) The suspension system used for the hard hat was the MSA plastic/nylon Fas-
Trac III 4 Point suspension. This hard hat and suspension system were also used for the 
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no AR condition (the hard hat and suspension mass for no AR condition measured 0.378 
kg). 
 
3.3.2.1 Microsoft HoloLens (first generation) 
The Microsoft HoloLens operates on a Windows 10 operating system (Zeller, 
2018). The HoloLens has a see-through holographic lenses with a holographic density 
greater than 2.5k radiants. It has four environment understanding cameras, four 
microphones, and one ambient light sensor. The HoloLens has an active battery life of 
two to three hours. It is able to recognize spatial sound, gaze tracking, gesture input, and 
voice support. The Microsoft HoloLens costs $5000 commercially and $3000 for the 
development edition (Zeller, 2018). It complies with ANSI Z87.1, CSA Z94.3 and EN 
166 for safety eyewear (Zeller, 2018).  
Figure 8. Picture of the AR devices attached to hard hats. Left: Microsoft 
HoloLens. Right: Realwear HMT. 
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Figure 9. Microsoft HoloLens. (Zeller, 2018). 
 
At the time of testing, Microsoft had not released an official solution to attaching 
the HoloLens to a hard hat, so a third party solution was used. The HoloLens was 
attached to the hardhat via 3D printed parts. These parts were created by Meemim vGIS 
(Toronto, ON). These 3D printed objects only require small modifications to the 
HoloLens (removing 2 screws which does not void the warranty or compromise the 
HoloLens). The attachments do not alter the hard hat in any way that would invalidate it 
for PPE. The mass of these attachments was 0.065 kg. The mass of the hard hat used for 
the HoloLens condition was 0.361 kg. The mass of the HoloLens itself was measured to 
be 0.530 kg. Overall, the HoloLens and hard hat combined had a mass of 0.956 kg. 
3.3.2.2 Realwear HMT 
The Realwear HMT uses an Android operating system. It is controlled by voice 
commands and head movement. It has four built in microphones for voice activation and 
there is a primary and auxiliary microphone for voice commands. These microphones are 
located on the display pod, which is the part of the device that displays the content. 
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Microphones are used both to pick up the voice commands and noise cancellation. The 
HMT has a camera pod that holds a 16-megapixel camera to take photos and videos. The 
rechargeable battery is housed on the opposite side as the display pod/boom arm. The 
rechargeable battery has a battery life of nine to ten hours of varied use. These parts can 
be seen in Figure 10. The boom arm/display pod should always be positioned on the side 
of the user’s dominant eye, not directly in the line of sight, which can be done by flipping 
the device over and adjusting the display pod and boom arm. 
 
 
Figure 10. Photo and description of the different parts of the HMT (HMT-1, 
2019). 
 
For the voice recognition, the HMT works on a “say what you see” basis. If a user 
wants to enter the menu of programs from the home screen, they can say “My Programs”. 
Other global commands to navigate documents are detailed in Section 3.4. Accessory 
clips provided by Realwear allow the user to attach the HMT to the hard hat. The mass of 
these attachments was 0.005 kg. The mass of the hard hat used for the Realwear HMT 
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condition was 0.373 kg. The mass of the Realwear HMT itself was 0.378 kg. Overall, the 
Realwear HMT and hard hat combined had a mass of 0.756 kg. 
The Realwear HMT-1 costs $1500 (HMT-1, 2019). It is rated IP66 waterproof 
and IP66 dust tight. It is resistant to drops up to a height of 2 meters onto concrete from 
any angle. Workers are able to wear safety glasses while wearing the HMT. It is 
important to note that Realwear has changed the marketing of the Realwear HMT-1 from 
an AR device to a wearable tablet.  
 
3.3.3 Biometrics Ltd. Data Acquisition System 
The Biometrics Data System (Gwent, UK) was the EMG Data Acquisition 
System. Surface EMG electrode sensors (model SX230) were used to measure the 
electrical activity of the muscle. The surface EMG captures the electrical activation of the 
muscle with electrodes that are integral, dry and reusable. They have an inter electrode 
distance of 20 mm on each surface bipolar unit. Software allows the user to set the 
voltage sensitivity manually, allowing for adjustment. The system uses Bluetooth to send 
the data from the DataLOG device (Figure 11) to a computer wirelessly. The Biometrics 
software allows for Root Mean Square (RMS) filtering post-processing and the RMS 
quantifies the level of electrical activation of the muscle. 
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Figure 11. Biometrics Portable EMG System. Left: Surface EMG sensor. 
Right: DataLOG device (EMG Systems, 2019). 
  
 
Figure 12. The Biometrics system in use with electrodes and wireless DataLOG 
device. 
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3.3.4 Pupil Labs Camera and Software 
The Pupil Labs camera and software (Berlin, Germany) were used to measure the 
blink rate [blinks/minute] and pupil diameter [mm] of the subject during testing. The 
Pupil Labs Camera, as shown in Figure 13, has a sampling rate of 200 hz. No calibration 
is needed for the Pupil Labs camera when using just the eye camera. The Pupil Eye 
Tracking Headset or the HoloLens Add-on with attachment mounts were used to place 
the Pupil Labs camera over the subject’s right eye during testing. A OnePlus 3 cellphone 
was used to store the data during testing. 
 
 
The Pupil Labs Post Processing Software was used to determine the blink rate and 
pupil diameter post-hoc. Using the software’s 3D detection mode, it determines the pupil 
diameter by using a 3D model of the eye based on average eye ball diameter of 24 mm. 
For blink detection, the software assigns a confidence interval to pupil detection, when 
the software cannot detect the pupil, it counts as a blink. 
Figure 13. Pupil Labs camera and headset equipment used to 
record the subject's eye. 
31 
 
 Experimental Protocol 
There were three experimental conditions: wearing the Microsoft HoloLens, 
wearing the HMT, and wearing a hard hat with no AR (the subjects wore a hard hat in all 
three conditions). The subjects were asked to do five tasks to inspect a coal feeder for 
testing (detailed in Section 3.5). The subjects were also asked to do five tasks that are 
daily activities of a plant operator (also detailed in Section 3.5). 
Testing started in a meeting room at the coal power plant. When a subject first 
arrived, they were greeted and introductions were made. A description of the study and of 
AR was given and the subject was informed that the study would take less than four 
hours. The participant was then informed of the terms of the IRB consent form. The IRB 
was approved by Marquette University Office of Research Compliance on March 1, 
2018, with Dr. Richard Marklin as the principal investigator. The participant was asked to 
read over the consent form and asked if he/she had any questions concerning the IRB or 
the study. If he/she agreed to the terms of the consent form, the participant signed the 
consent form along with the investigator. After the consent form was signed, the 
participant was trained on how to use both the Microsoft HoloLens and the Realwear 
HMT.  
For training the participant on the Microsoft HoloLens, the device was first 
introduced. Investigators described that it was an AR device that could be used by hand 
and voice commands. Next, the gesture the participant would need to make, which 
Microsoft refers to as an “Air tap”, was described and demonstrated. The Air tap is done 
by placing your index finger straight in the air and then pressing the index finger down to 
tap. This tapping motion was described as a clicking that is done with a mouse on a 
computer when you would like to select something. It was described that the participant’s 
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hand would act as a mouse and the white circle seen on the HoloLens “Screen” acted as 
the pointer. The participant was told they could move the circle (i.e. the pointer) by 
moving their head and that when the circle landed on an object that they wanted to click 
on, they would perform the Air tap. The participant was then asked to practice the 
clicking motion without the AR device to become familiar with it.  
Next, the subject was shown the PowerPoint (PPT) they would see on the 
HoloLens screen on the investigators laptop to get an idea of the flow of the AR content. 
They were shown how to click through the PPT slides through the hyperlinks. Next, the 
subject was shown how to wear the HoloLens. They were shown that there should be 
space between their nose and the HoloLens and that the HoloLens should be angled 
parallel to the ground. It was demonstrated that in order to adjust the HoloLens, the fit of 
the hard hat should be adjusted and that the MEEMIM vGIS attachments could be moved 
forward and backward on the hard hat.  
The subject then put the HoloLens with the hard hat on and made adjustments to 
get a comfortable fit of the HoloLens. The subject was asked if he/she could see the white 
circle for clicking and the PPT screen that was placed in the meeting room and were 
instructed to make adjustments to the fit of the HoloLens if they could not. The subject 
was then allowed to practice navigating the PPT with the Microsoft HoloLens until they 
felt comfortable with the device. They were instructed to click through the hyperlinks on 
the PPT to go to different slides and to also practice going between different 
PowerPoints.  
For training the participant on the Realwear HMT, the device was first introduced. 
Investigators described that it was an AR device that could be controlled with voice 
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commands. Next, the investigator described the different commands subjects would need 
to use. These commands were: 
• Next Page: moves to the next page 
• Previous Page: moves to the previous page 
• Select Zoom Level 1-5: sets zoom level on document 
• Freeze Document: freezes document in current view  
• Control Document: unfreezes document 
The Realwear HMT content was then brought up on a PPT on the investigators 
laptop, and the investigator demonstrated how to move through the content, annotating 
what they would have to say on the Realwear HMT. Next, the subject was shown how to 
wear the HMT (note: the HMT was adjusted to be on the side of the subject’s dominant 
eye). They were shown that they can move the boom arm in the frontal and sagittal 
planes and also adjust the screen. They were told that the HMT should not obstruct their 
direct line of sight and the approximate best fit for the investigator was shown (fit that is 
approximately 30° below the ear to eye axis) to demonstrate. The subject was asked to 
confirm if they were right or left eye dominant by using the Mile’s Test (Miles, 1930; 
Washburn,1934). The Mile’s test was modified in that a paper cone was replaced by the 
subject forming a triangle with their index fingers and thumbs. The HMT was then 
adjusted to the dominant eye, and the subject donned the hardhat with the HMT attached. 
The subject made adjustments until they could see the majority of the HMT screen. The 
subject was then allowed to practice navigating the coal feeder inspection content on the 
HMT until they felt comfortable with the device. The subject practiced navigating 
between all the instructions and practice all of the voice commands they may use. 
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After the subject was trained on the two devices, the subject was prepared for 
testing. Frist, information on the subject such as gender, age, and work experience in the 
utility field were collected (Form 2 in Appendix A), including anthropometric 
measurements such as height and weight. The subject was fully clothed for 
anthropometric measurements.  
Next, the EMG Biometrics System was set up. Subjects were asked to take off 
their shirts and put on a sleeveless shirt so the neck and shoulder muscles could be 
accessed easier. First, the neck and shoulder areas were cleaned with a cotton swab and 
isopropyl alcohol (rubbing alcohol). Next, subjects were asked to perform the following 
movements that targeted the eight muscles being measured (Figure 2 and Figure 3):  
• SCM 
o Left: Place right palm over right temple and rotate head to right 
o Right: Place left palm over left temple and rotate head to left 
• SMP 
o Place both palms on back of head with fingers locked and resist neck 
extension 
• SPL 
o Left: Left palm on left rear of head and resist head rotation to the left 
o Right: Right palm on right rear of head and resist head rotation to the right 
• TRAP 
o Place palms on back of head with fingers locked and shrug (lift) shoulders 
When the subject performed the movement, the location of the muscle belly was 
marked with a washable marker. Next, surface electrodes were placed on the muscles 
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following the line of muscle grain. The cord of the surface EMG was made sure to fall in 
a direction natural to attaching the cord to the acquisition system. After all muscles had 
surface electrodes attached, the subject was asked to don a belt that has a holster to hold 
the acquisition system. The electrode cords were then attached to the acquisition system. 
The excess cord on the surface electrodes was then taped on the back of the shirt to 
ensure they would not interfere with the subject. Hypoallergenic, medical grade tape was 
then placed over the electrodes to ensure they would stay in place on the subject. Next, 
the data acquisition system was connected via Bluetooth to the Biometrics DataLog 
software on the investigator’s laptop and the EMG settings were verified on the 
Biometrics software. A sampling rate of 1000/sec was used for the EMG system. All 
settings remained the same as seen in Figure 14 except for the “Trace Sensitivity” 
Setting, which was altered based on the subject’s electrical activity. No calibration was 
needed for the EMG system. 
 
Figure 14. EMG settings for the eight muscles being 
measured. 
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 After the EMG settings were verified, the subject’s maximum voluntary 
contraction (MVC) was obtained by asking the subject to perform the motions that 
activate the muscle (as done when locating the muscle), but they were asked to perform 
the motion as hard as they could without injuring themselves. Two maximum trials were 
performed for each subject. The subject was then asked to stand with their head vertical 
and to relax their muscles to gather resting EMG data. Two resting trials were performed 
for each subject. The subject was then instructed to put on their long sleeve shirts over 
the sleeveless shirt. At this time, if subjects were wearing any eye makeup, they were 
asked to use makeup remover and a cotton swab (provided by the investigator), to 
remove the makeup (as it would interfere with the pupil camera).  
Testing then moved to the power plant, specifically the coal feeder level of the 
power plant. Testing was conducted on coal feeders 6A and 6E depending on the unit the 
operator was responsible for. At the coal feeder, the 
environmental conditions of temperature, noise and lighting 
were measured. The Pupil camera was then set up on the 
subject’s right eye (regardless of eye dominance) for the first 
condition. If the condition was the Microsoft HoloLens, the 
pupil camera was slid onto the HoloLens attachment for the 
Pupil camera created by Pupil Labs. The subject then put on 
the HoloLens and hard hat and adjusted the hardhat for the 
HoloLens. Then, the pupil camera was connected to the 
OnePlus 3 smart phone via a USB-C cord. The Pupil 
camera was then adjusted on the attachment so the eye was 
Figure 15. Photo of a cell 
phone with the mobile 
application for the Pupil-
Labs camera (Photo Credit: 
Pupil-Labs.com) 
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centered and the entire eye was visible on the Pupil labs software on the phone. If the 
condition was the HMT or no AR, the subject put on the hardhat and adjusted to the fit 
they needed. Then, the subject put on the pupil camera that was attached to the Pupil 
Labs headset with safety glasses overlaid (Figure 16). The pupil camera was then 
connected to the OnePlus 3 smart phone via a USB-C cord. The Pupil camera was then 
adjusted on the headset so the eye was centered and the entire eye was visible with the 
Pupil labs software on the phone.   
 
Figure 16. Photos of the Pupil Labs camera setup. Left: the camera is attached to 
the Pupil Labs headset and safety glasses are overlaid. Right: the camera is attached to 
the HoloLens via the HoloLens attachment.  
 
The subject was asked to perform the inspection tasks and then the daily activity 
tasks. Two trials of each task were conducted. Then the other two experimental 
conditions were performed, setting up the pupil camera for each condition as described 
above. The order of experimental conditions for each subject were varied to control for 
order and carryover effects. The order of the tasks within the experimental condition were 
not varied. The coal feeder tasks were completed in numerical order, starting with coal 
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feeder task 1 and ending with coal feeder task 5 (described in Section 3.5.1). Then the 
subject walked up and down a flight of stairs, ascended/descended the ladder, and finally 
completed the outside task (described in Section 3.5.2). After completion of both the 
HoloLens and HMT conditions, the subject completed a subjective assessment on the 
HoloLens using a Likert scale. After testing was complete, the subject was asked to fill 
out a subjective assessment comparing the HoloLens and HMT. 
 Tasks 
One part of a power plant operators job is to inspect all of the equipment in the 
power plant to ensure everything is operating properly. Each operator is responsible for 
one of the units in which they must check more than 700 of pieces of equipment over a 
10 to 12-hour shift. If something is not working properly, either the plant operator fixes it 
or they notify maintenance that there is an issue that needs fixing. In this specific power 
plant, there are at least 25 different elevations the power plant operators have to access 
and they can be accessed in various ways. Sometimes, an elevator is able to take an 
operator to a specific elevation. Other times, the operator has to take the stairs or use a 
ladder to access the elevation. Operators estimated that they walk five miles per shift. 
Using all five senses for maintaining the plant is very important. A power plant 
operators job is not limited to just inspecting the equipment, they are expected to observe 
anything out of the ordinary happening in the plant. For example, if the plant operator 
smelled charcoal, it can be an indicator that some coal may have combusted outside the 
boiler. A large amount of coal on the top elevations indicates there a likely coal leak on 
the lower elevations. 
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3.5.1 Coal Feeder Inspection 
In the power plant, coal flows down from the silo into the coal feeder. The 
amount of coal that comes into the coal feeder is measured in tons, with an average of 
6,000-6,400 tons of coal being used daily. The coal feeder controls the flow of coal into 
the pulverizer. When the pulverizer receives the coal, it breaks it down into a fine, 
powder-like material which is then transported to the boiler to be burned to eventually 
generate electricity. For experimentation purposes, the power plant operators were tasked 
with inspecting the coal feeder and this task was further broken down into five sub-tasks.  
The first coal feeder inspection task was looking into the right and left sight glass 
on the coal feeder. In the sight glass the operator is checking to make sure the belt is 
running smoothly and coal is flowing. The operator also looks at the clean out conveyer 
belt to make sure it is running smoothly and still centered on the track.  They also need to 
verify that the scraper bar is in working condition and attached. The operator performs 
this task both the right and left sight glass.  
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Figure 17. The right and left sight glass on the coal feeder. These were inspected 
for the coal feeder inspection task 1. 
 
The second task is to check the pressure gauge on the piping system that brings 
calcium bromide to the coal feeder. The operator needs to verify that calcium bromide is 
not leaking and that it is valved in.  
Figure 18.The Calcium Bromide piping 
system and pressure gauge that was 
inspected for coal feeder inspection task 2. 
Figure 19. The drive motor and 
dipstick that were inspected for 
coal feeder inspection task 3. 
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The third task the operator completes is to check the drive motor. First they 
unscrew the dipstick and check the oil level of the motor. They also need to confirm there 
are no leaks around the motor.  
 
The fourth task is to check the clean out conveyer motor to verify there are not 
any oil leaks. They also check the surface temperature of the motor to verify it is not 
overheating.  
 
The fifth and last task is to check that there are no coal leaks on the coal feeder 
side doors and that there is nothing out of the ordinary happening.   
Figure 20. The clean out 
conveyer motor that was 
inspected for coal feeder 
inspection task 4. 
Figure 21. The coal feeder side door 
that was inspected for coal feeder 
inspection task 5. 
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3.5.2 Daily Activities 
The operators were also asked to do tasks that are daily activities for power plant 
operators. As mentioned before, there are many different floors and elevations that the 
operator has to access in various ways. One daily activity the power plant operator does is 
walk up and down one flight of stairs in the plant. They were also asked to ascend a 
ladder up to 3 feet and then descend the ladder 3 feet. The last task was to check for 
anything out of the ordinary in the plant – which was limited to checking an electrical 
duplex outside on a skywalk for debris. 
 AR Content 
3.6.1 Microsoft HoloLens Content 
For this study, the Microsoft HoloLens AR content was limited to static AR 
consisting of PPT slides with no overlay on the equipment and no motion. The PPT 
Preview application on the Microsoft HoloLens was used to display a PPT that was 
created to give instructions on the inspections. Subjects navigated the PPT by using 
Hyperlinks in the document. The first slide of the PPT was a list of equipment 
inspections, including the coal feeder and the electrical duplex. The subject clicked on the 
“Coal Feeder” hyperlink which brought them to a Coal Feeder Checklist. This checklist 
listed the five inspection tasks that the subject was asked to complete. They clicked on 
the hyperlink for each task which brought them to a slide on that specific task. The left 
side of the slide gave a description of what they should inspect and what they were 
checking for. On the left side of the slide, there was a picture of what that specific part of 
the coal feeder looked like. When they finished that task, they clicked a hyperlink down 
at the bottom left of the slide that brought them back to the checklist. This was repeated 
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for each of the inspection tasks. After they completed the checklist for the coal feeder, 
they clicked the “Task Complete” hyperlink at the bottom left of the checklist slide and 
the Equipment Inspections list would reappear with the Coal Feeder Inspection checked 
off. This process was repeated for the Electrical Duplex. A dark grey background was 
used on the slides so that there was a good contrast for the HoloLens display to optimize 
the user’s ability to clearly read the information. The color of text on the PowerPoint was 
limited to be light blue text because Microsoft does not have an option to change the 
color of a hyperlink. When prepping for the study, operators were asked how well they 
could read the slides and all of them reported it was very easy to read. The slides used 
can be found in Appendix F. 
3.6.2 Realwear HMT Content 
For this study, the Realwear HMT AR content was limited to static AR with no 
overlay on the equipment and no motion. The Document Viewer functionality on the 
HMT was utilized to present the coal feeder inspection tasks and electrical duplex task. 
The same descriptions and photos were used as were used for the HoloLens content. The 
color of the slides and organization were altered to optimize the view for the HMT. The 
same flow of the document was used. The user moved through the equipment inspection 
and coal feeder checklist by using the voice command ‘Next Page’ and ‘Previous Page’. 
They also could zoom in on the document by using the command ‘Set Zoom Level’. A 
white background was used on the slides with black text so that there was a good contrast 
for the HMT display to optimize the user’s ability to clearly read the information. The 
slides used can be found in Appendix G.  
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 Subjective Assessment 
Subjects completed a 13 question subjective assessment after completing the 
HoloLens and HMT conditions. This subjective assessment asks the subject to rate how 
the AR device was for equipment inspection tasks, walking up and down stairs, and 
climbing and descending a ladder. They also completed a four question assessment on 
how the AR device would be for their total job as a plant operator. At the end of testing, 
subjects completed a two question survey comparing the three AR conditions. This 
subjective assessment is Form 8 in Appendix A. 
 Presentation Order of Experimental Conditions 
All participants in the study performed each coal feeder inspection task for each 
AR condition to comply with the repeated measures experimental design. With the 
exception of one subject (due to time limitations), every subject performed each daily 
activity of coal plant operators for each AR condition. The coal feeder inspection tasks 
and daily activities were performed in the same order for each subject. To eliminate 
carry-over and order effects, the presentation order of AR devices was varied between 
subjects (D’Amato, 1979). The presentation order for each subject is listed on Form 3 in 
Appendix A.   
 Data Conditioning 
For the EMG, using the DataLINK software, the Root Mean Square (RMS) of 
EMG data during the trial, resting EMG, and maximum contraction of each muscle was 
calculated, using a moving average of 300 msec. For each trial, the entire data file was 
then exported out of DataLINK and put into an Excel spreadsheet. For the HoloLens 
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trials, the beginning time period in which the subject was clicking through the 
PowerPoint was removed from the RMS file in order to make a fairer comparison of 
biomechanical loading across all three conditions.  
 
 
For the maximum contraction of each of the muscles, a period of approximately 
half a second to one second of maximum contraction was found in the data file. The data 
selected as the maximum contraction was then exported and put into the excel 
spreadsheet. The average RMS value of the contraction was found for the maximum 
contraction for each trial. This was done for both trials of the maximum contraction and 
Figure 22. Conversion of EMG task data to RMS. 
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then the higher average value was chosen to act as the maximum contraction (100% 
MVC) for that muscle. 
 
 
Figure 23. Selection of maximum contraction period. 
 
For the resting trials, a period of the least amount of muscle contraction was 
found in the data file. The data selected as the minimum contraction was then exported 
and put into the excel spreadsheet. The average RMS value of the contraction was found 
for both trials for each muscle. The minimum contraction between the two averages for 
each muscle was then used as the resting EMG.  
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Figure 24. Selection of resting period RMS. 
 
Then, to find the percent MVC, the following equation was used for each data 
point for the RMS over the task trials: 
%𝑀𝑉𝐶 =
𝑇𝑎𝑠𝑘 𝑅𝑀𝑆 − 𝑅𝑒𝑠𝑡𝑖𝑛𝑔 𝑅𝑀𝑆
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑅𝑀𝑆 − 𝑅𝑒𝑠𝑡𝑖𝑛𝑔 𝑅𝑀𝑆
 (1) 
The % MVC was computed over the entire task for both trials for each muscle. 
The 50th percentile and 90th percentile of the %MVC were then calculated for each trial. 
The two trials of 50th percentiles for each task were then averaged together and treated as 
the 50th percentile for that subject for that task. The same was done for the 90th 
percentile.  
For the blink rate, the number of blinks while the subject completed the task were 
counted by the Pupil Labs software. The number of blinks were then normalized to 
number of blinks per minute. A total of ten subjects blink rate was analyzed because two 
subjects’ data were not analyzed due to equipment malfunctions during testing. Two of 
the ten subjects’ number of blinks in the eye recording had to be counted manually due to 
software issues. 
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Figure 25. Snapshot of an eye video recording with the post processing software 
detecting the pupil. 
 
The pupil diameter was detected by the software for every frame of the eye 
recording (200 Hz). These data were exported to Excel and analyzed in MATLAB 
R2017a. The percent change of the pupil diameter between the start of a task and the end 
of a task was found. If a task was longer than 20 seconds, the first five seconds was used 
for the mean of the pupil diameter at the beginning of the task and the last five seconds of 
pupil diameter data was used for the mean of the pupil diameter at the end of the task. If a 
task was longer than 5 seconds but under 20 seconds, the first two seconds and last two 
seconds of pupil diameter data was used for the means, as seen in Table 2. If the task was 
less than 5 seconds, it was not analyzed. 
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Table 2. Process used to determine time duration to calculate beginning pupil 
diameter and end pupil diameter. 
Task Duration 
Beginning of Task 
Length 
End of Task Length 
<5 seconds -- -- 
5 
seconds<duration<20 
seconds 
2 seconds 2 seconds 
>20 seconds 5 seconds 5 seconds 
 
Using this data, the percent change in pupil diameter was found using the 
following equation: 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒 =
𝑀𝑒𝑎𝑛 𝑃𝑢𝑝𝑖𝑙 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝐸𝑛𝑑 − 𝑀𝑒𝑎𝑛 𝑃𝑢𝑝𝑖𝑙 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝐵𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔
𝑀𝑒𝑎𝑛 𝑃𝑢𝑝𝑖𝑙 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝐵𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔
 (2) 
 
A negative percent change indicates that the pupil diameter decreased in size over 
the duration of the task. A positive percent change indicates the pupil diameter increased 
in size over the duration of the task. 
 Statistical Analysis 
Minitab was used to perform a repeated measures ANOVA to compare the 50th 
and 90th percentiles EMG % MVC for each muscle across the three conditions. A 
repeated measures ANOVA was also used to compare blink rates across the three 
conditions. AR device was set as a fixed variable and subject was set to be a random 
variable. 
The nonparametric Friedman’s Test was used to analyze the pupil diameter 
percent change because normality could not be assumed. This test was also done in 
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Minitab with the AR device set as the treatment group and subjects set as the categorical 
block variable. 
Lastly, Friedman’s Test in Minitab was used to analyze the ordinal Likert data for 
the subjective assessment. The AR device was set as the treatment group and subjects 
were set as the categorical block variable. 
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4. RESULTS 
 Subject Anthropometry 
In the present study, subjects were an average of 42 years of age (range of 27 to 
56 years old) and had an average height of 180.8 cm. The average weight was 105.6 kg, 
compared to that of 97.9 kg in a Marklin et al. study (2010) on electric utility workers 
and 87.6 kg in the CAESAR study (Robinette et al., 2002). Head girth in the present 
study was found to be an average of 57.2 cm. 
Table 3. Comparison of present study anthropometric measurements with previous studies. 
  
Present Study  
(11 males, 1 
female) 
Marklin et al. 
Study, 2010 (187 
males) 
CAESAR 
(1,127 
males) 
Age [year]    
  Mean 42 44 39 
  SD 10 11 12 
  Minimum 27 22 18 
  Maximum 56 64 79 
Height [cm]    
  Mean 180.8 180.1 180.3 
  SD 6.8 6.7 7.9 
  5th Percentile 171.8 169.2 167.3 
  95th Percentile 188.9 191.3 193.6 
Weight [kg]    
  Mean 105.6 97.9 87.6 
  SD 20.6 16.4 18.0 
  5th Percentile 84.1 73.0 65.1 
  95th Percentile 137.2 128.6 121.0 
Head Girth [cm]    
  Mean 57.2 - 57.9 
  SD 2.1 - 1.7 
  5th Percentile 54.4 - 55.3 
  95th Percentile 60.1 - 60.7 
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 Statistical Tests of EMG Muscle Activity 
For biomechanical loading, the 50th and 90th percentiles of the %MVC were 
found over the entirety of each trial. The 50th percentile is a measure of the median and 
gives us an idea of central tendency. The 90th percentile is a measure of the peak. The 
summary statistics for each condition and task by muscle can be found in the Appendix. 
The statistical tests produced via Minitab are in the Appendix.  
4.2.1 50th Percentile: Inspection Tasks 
As shown in Figure 26, the right SCM ranged from 4% to 10% MVC for the 
inspection tasks. The left SCM ranged from 5% to 6% MVC. The right SPL ranged from 
5% to 13% MVC and the left SPL ranged from 5% to 18% MVC. There was no 
significant difference between AR and no AR. The summary statistics are in Table 4. 
As shown in Figure 27, the right SMP ranged from 7% to 19% MVC and the left 
SMP ranged from 11% to 21% MVC. The right TRAP ranged from 5% to 13% MVC and 
the left TRAP ranged from 5% to 18% MVC. There was no significant difference 
between AR and no AR. The summary statistics are in Table 4. 
4.2.2 50th Percentile: Daily Activities of Plant Operators 
As shown in Figure 30, the right SCM ranged from 4% to 25% MVC for daily 
activities of plant operators. The left SCM ranged from 4% to 21% MVC. The right SPL 
ranged from 7% to 17% MVC and the left SPL ranged from 10% to 17% MVC. There 
was no significant difference between AR and no AR. The summary statistics are in 
Table 6. 
As shown in Figure 31, the right SMP ranged from 11% to 26% MVC and the left 
SMP ranged from 12% to 29% MVC. The right TRAP ranged from 12% to 24% MVC 
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and the left TRAP ranged from 9% to 29% MVC. There was no significant difference 
between AR and no AR. The summary statistics are in Table 6. 
4.2.3 90th Percentile: Inspection Tasks 
As shown in Figure 28, the right SCM ranged from 10% to 22% MVC for the 
inspection tasks. The left SCM ranged from 10% to 21% MVC. The right SPL ranged 
from 12% to 31% MVC and the left SPL ranged from 14% to 36% MVC. There was no 
significant difference between AR and no AR. The summary statistics are in Table 5. 
As shown in Figure 29, the right SMP ranged from 13% to 42% MVC and the left 
SMP ranged from 20% to 45% MVC. The right TRAP ranged from 16% to 31% MVC 
and the left TRAP ranged from 18% to 27% MVC. There was a significant difference in 
the Coal Feeder 3 Task for the left SMP (p-value = 0.025). The HoloLens 90th percentile 
was greater than that of the No AR and HMT. There were no other significant differences 
between AR and no AR. The summary statistics are in Table 5. 
4.2.4 90th Percentile: Daily Activities of Plant Operators 
As shown in Figure 32, the right SCM ranged from 7% to 49% MVC for the daily 
activities of plant operators. The left SCM ranged from 9% to 40% MVC. The right SPL 
ranged from 12% to 31% MVC and the left SPL ranged from 17% to 31% MVC. There 
was a significant difference for the left SCM when descending a ladder (p-value = 0.025). 
The HMT 90th percentile was greater than that of the No AR and HoloLens. There were 
no other significant differences between AR and no AR. The summary statistics are in 
Table 7. 
As shown in Figure 33, the right SMP ranged from 19% to 44% MVC and the left 
SMP ranged from 20% to 50% MVC. The right TRAP ranged from 19% to 50% MVC 
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and the left TRAP ranged from 14% to 51% MVC. There was no significant difference 
between AR and no AR. The summary statistics are in Table 7.
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4.2.5 Tables and Graphs of Percent MVC Muscle Activation 
Table 4. Summary statistics for the 50th percentile percent MVCEMG of muscles for the three conditions for the coal feeder 
inspection tasks. There were no significant differences between the three conditions for all tasks. 
  LEFT RIGHT 
SCM SMP SPL TRAP SCM SMP SPL TRAP 
Coal Feeder 1   (N=11) (N=11) (N=8) (N=11) (N=9) (N=11) (N=10) (N=11)  
HoloLens Average 0.055 0.200 0.164 0.094 0.085 0.179 0.105 0.105 
SD 0.042 0.090 0.110 0.079 0.144 0.113 0.053 0.072 
Min 0.008 0.060 0.026 0.014 0.012 0.070 0.045 0.011 
Max 0.152 0.346 0.308 0.259 0.465 0.435 0.202 0.229 
HMT Average 0.048 0.165 0.109 0.067 0.089 0.154 0.099 0.116 
SD 0.028 0.097 0.094 0.052 0.156 0.122 0.058 0.093 
Min 0.004 0.042 0.019 0.014 0.014 0.009 0.031 0.000 
Max 0.102 0.348 0.282 0.188 0.502 0.468 0.189 0.253 
No AR Average 0.056 0.213 0.175 0.061 0.093 0.180 0.107 0.112 
SD 0.045 0.102 0.145 0.029 0.157 0.133 0.056 0.086 
Min 0.012 0.080 0.029 0.027 0.012 0.042 0.028 0.000 
Max 0.156 0.386 0.454 0.106 0.506 0.512 0.216 0.272 
Coal Feeder 2   (N=10) (N=11) (N=8) (N=10) (N=9) (N=11) (N=10) (N=11)  
HoloLens Average 0.040 0.142 0.088 0.107 0.044 0.090 0.048 0.138 
SD 0.029 0.104 0.058 0.096 0.045 0.033 0.023 0.108 
Min 0.007 0.034 0.027 0.014 0.014 0.047 0.008 0.009 
Max 0.092 0.385 0.180 0.285 0.154 0.137 0.085 0.321 
HMT Average 0.045 0.126 0.081 0.101 0.041 0.074 0.046 0.158 
SD 0.038 0.097 0.049 0.075 0.028 0.051 0.014 0.220 
Min 0.007 0.031 0.025 0.013 0.017 0.018 0.023 0.002 
Max 0.136 0.291 0.164 0.202 0.104 0.208 0.070 0.778 
No AR Average 0.057 0.162 0.119 0.119 0.040 0.087 0.048 0.105 
SD 0.050 0.095 0.091 0.083 0.030 0.034 0.018 0.102 
Min 0.000 0.058 0.040 0.023 0.008 0.038 0.014 0.005 
Max 0.136 0.299 0.296 0.255 0.093 0.128 0.071 0.273 
Coal Feeder 3   (N=11) (N=11) (N=8) (N=11) (N=9) (N=11) (N=11) (N=11)  
HoloLens Average 0.058 0.135 0.065 0.087 0.064 0.113 0.062 0.128 
SD 0.035 0.097 0.042 0.111 0.081 0.078 0.035 0.133 
Min 0.012 0.015 0.011 0.016 0.013 0.015 0.022 0.012 
Max 0.116 0.283 0.118 0.408 0.275 0.246 0.148 0.446 
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HMT Average 0.065 0.114 0.060 0.088 0.050 0.105 0.072 0.143 
SD 0.040 0.077 0.041 0.090 0.044 0.069 0.040 0.123 
Min 0.030 0.026 0.009 0.018 0.015 0.025 0.022 0.022 
Max 0.170 0.275 0.111 0.332 0.160 0.227 0.146 0.389 
No AR Average 0.054 0.117 0.049 0.111 0.049 0.112 0.072 0.142 
SD 0.025 0.078 0.037 0.145 0.037 0.063 0.047 0.106 
Min 0.011 0.030 0.008 0.022 0.010 0.035 0.026 0.033 
Max 0.096 0.287 0.112 0.533 0.134 0.209 0.161 0.349 
Coal Feeder 4   (N=11) (N=10) (N=8) (N=10) (N=9) (N=11) (N=11) (N=11)  
HoloLens Average 0.057 0.155 0.103 0.089 0.064 0.186 0.103 0.095 
SD 0.039 0.087 0.070 0.104 0.079 0.142 0.047 0.114 
Min 0.010 0.061 0.019 0.014 0.018 0.061 0.024 0.007 
Max 0.126 0.363 0.232 0.294 0.273 0.447 0.174 0.405 
HMT Average 0.068 0.141 0.089 0.105 0.084 0.157 0.125 0.084 
SD 0.048 0.077 0.062 0.116 0.123 0.142 0.079 0.070 
Min 0.017 0.022 0.018 0.018 0.020 0.016 0.027 0.015 
Max 0.195 0.267 0.206 0.376 0.409 0.510 0.260 0.261 
No AR Average 0.064 0.152 0.099 0.112 0.060 0.182 0.111 0.092 
SD 0.052 0.068 0.069 0.130 0.050 0.117 0.055 0.068 
Min 0.004 0.069 0.025 0.021 0.024 0.042 0.016 0.005 
Max 0.169 0.270 0.242 0.425 0.187 0.443 0.197 0.228 
Coal Feeder 5   (N=11) (N=11) (N=9) (N=11) (N=8) (N=10) (N=10) (N=11)  
HoloLens Average 0.046 0.140 0.079 0.090 0.038 0.119 0.091 0.135 
SD 0.028 0.091 0.052 0.075 0.021 0.053 0.064 0.104 
Min 0.013 0.030 0.014 0.017 0.012 0.042 0.029 0.020 
Max 0.108 0.314 0.177 0.272 0.067 0.202 0.239 0.396 
HMT Average 0.066 0.121 0.086 0.108 0.046 0.113 0.067 0.133 
SD 0.055 0.088 0.060 0.058 0.026 0.083 0.032 0.105 
Min 0.016 0.024 0.014 0.017 0.022 0.008 0.034 0.011 
Max 0.195 0.281 0.187 0.167 0.099 0.276 0.129 0.368 
No AR Average 0.056 0.163 0.088 0.099 0.039 0.124 0.101 0.125 
SD 0.053 0.104 0.054 0.063 0.018 0.069 0.089 0.110 
Min 0.003 0.041 0.036 0.016 0.011 0.038 0.031 0.000 
Max 0.184 0.328 0.193 0.195 0.063 0.224 0.331 0.305 
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Table 5. Summary statistics for the 90th percentile percent MVCEMG of muscles for the three conditions for the coal feeder 
inspection tasks. There was a significant difference between the three conditions for the coal feeder inspection 3 task for the left 
SMP. There were no significant differences between the conditions for all other tasks. 
  LEFT RIGHT 
SCM SMP SPL TRAP SCM SMP SPL TRAP 
Coal Feeder 1   (N=11) (N=11) (N=8) (N=11) (N=9) (N=11) (N=10) (N=11)  
HoloLens Average 0.109 0.454 0.356 0.234 0.167 0.369 0.219 0.255 
SD 0.089 0.263 0.257 0.183 0.259 0.245 0.126 0.136 
Min 0.029 0.154 0.070 0.051 0.033 0.134 0.085 0.050 
Max 0.356 0.975 0.791 0.556 0.850 0.884 0.436 0.434 
HMT Average 0.143 0.405 0.351 0.224 0.203 0.342 0.250 0.285 
SD 0.088 0.251 0.261 0.161 0.299 0.248 0.128 0.218 
Min 0.024 0.127 0.057 0.052 0.032 0.072 0.081 0.032 
Max 0.344 0.860 0.807 0.549 0.981 0.750 0.424 0.778 
No AR Average 0.133 0.426 0.343 0.214 0.174 0.425 0.236 0.275 
SD 0.081 0.256 0.254 0.107 0.210 0.320 0.103 0.149 
Min 0.046 0.147 0.071 0.056 0.030 0.095 0.094 0.048 
Max 0.314 0.961 0.857 0.364 0.711 0.989 0.384 0.508 
Coal Feeder 2   (N=10) (N=11) (N=8) (N=10) (N=9) (N=11) (N=10) (N=11)  
HoloLens Average 0.100 0.339 0.230 0.181 0.151 0.177 0.140 0.268 
SD 0.061 0.214 0.180 0.150 0.120 0.066 0.108 0.189 
Min 0.033 0.087 0.060 0.023 0.047 0.069 0.050 0.032 
Max 0.221 0.768 0.557 0.466 0.371 0.278 0.412 0.632 
HMT Average 0.136 0.305 0.248 0.198 0.128 0.134 0.116 0.213 
SD 0.090 0.211 0.228 0.151 0.097 0.068 0.066 0.267 
Min 0.040 0.082 0.058 0.022 0.039 0.057 0.048 0.009 
Max 0.294 0.622 0.751 0.452 0.304 0.272 0.270 0.950 
No AR Average 0.135 0.376 0.274 0.207 0.182 0.175 0.120 0.164 
SD 0.111 0.274 0.279 0.155 0.167 0.080 0.033 0.134 
Min 0.012 0.114 0.085 0.036 0.028 0.057 0.081 0.017 
Max 0.321 0.923 0.929 0.537 0.495 0.307 0.185 0.390 
Coal Feeder 3   (N=11) (N=11) (N=8) (N=11) (N=9) (N=11) (N=11) (N=11)  
HoloLens Average 0.114 0.320b 0.187 0.183 0.117 0.296 0.159 0.224 
SD 0.047 0.232 0.112 0.181 0.143 0.171 0.083 0.194 
Min 0.034 0.136 0.046 0.034 0.034 0.104 0.075 0.044 
Max 0.191 0.801 0.337 0.554 0.493 0.677 0.332 0.697 
HMT Average 0.151 0.198a 0.149 0.188 0.106 0.203 0.209 0.242 
SD 0.092 0.123 0.085 0.146 0.083 0.121 0.148 0.143 
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Min 0.073 0.086 0.042 0.038 0.024 0.059 0.055 0.071 
Max 0.384 0.518 0.271 0.488 0.311 0.423 0.505 0.540 
No AR Average 0.123 0.236a,b 0.143 0.214 0.106 0.245 0.175 0.247 
SD 0.059 0.159 0.094 0.198 0.070 0.140 0.105 0.140 
Min 0.035 0.062 0.036 0.050 0.043 0.077 0.064 0.061 
Max 0.231 0.620 0.285 0.688 0.278 0.481 0.375 0.479 
Coal Feeder 4   (N=11) (N=10) (N=8) (N=10) (N=9) (N=11) (N=11) (N=11)  
HoloLens Average 0.129 0.303 0.228 0.236 0.142 0.357 0.242 0.252 
SD 0.096 0.165 0.130 0.277 0.159 0.228 0.137 0.207 
Min 0.038 0.133 0.063 0.043 0.044 0.132 0.057 0.047 
Max 0.379 0.698 0.407 0.763 0.561 0.817 0.590 0.807 
HMT Average 0.178 0.260 0.211 0.230 0.213 0.291 0.311 0.252 
SD 0.101 0.122 0.109 0.232 0.221 0.216 0.289 0.184 
Min 0.073 0.100 0.059 0.037 0.038 0.056 0.073 0.081 
Max 0.426 0.464 0.356 0.744 0.756 0.722 1.000 0.613 
No AR Average 0.208 0.293 0.201 0.270 0.216 0.338 0.239 0.263 
SD 0.204 0.177 0.109 0.234 0.161 0.193 0.103 0.154 
Min 0.044 0.117 0.081 0.055 0.055 0.094 0.060 0.059 
Max 0.697 0.692 0.422 0.793 0.510 0.732 0.398 0.585 
Coal Feeder 5   (N=11) (N=11) (N=9) (N=11) (N=8) (N=10) (N=10) (N=11)  
HoloLens Average 0.147 0.303 0.180 0.205 0.105 0.196 0.227 0.277 
SD 0.102 0.220 0.098 0.183 0.050 0.108 0.155 0.163 
Min 0.044 0.072 0.077 0.032 0.044 0.058 0.071 0.040 
Max 0.354 0.736 0.347 0.583 0.182 0.410 0.482 0.631 
HMT Average 0.193 0.256 0.214 0.267 0.140 0.299 0.200 0.308 
SD 0.148 0.176 0.102 0.192 0.099 0.243 0.162 0.242 
Min 0.045 0.067 0.114 0.028 0.047 0.047 0.080 0.032 
Max 0.529 0.527 0.424 0.593 0.348 0.705 0.612 0.759 
No AR Average 0.154 0.336 0.198 0.209 0.122 0.346 0.285 0.268 
SD 0.104 0.219 0.093 0.153 0.065 0.241 0.152 0.213 
Min 0.025 0.064 0.097 0.028 0.046 0.064 0.096 0.030 
Max 0.311 0.750 0.344 0.562 0.255 0.707 0.543 0.592 
a,b p = 0.025, means that do not share a letter are significantly different. 
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Table 6. Summary statistics for the 50th percentile percent MVCEMG of muscles for the three conditions for the daily activities of 
plant operators. There were no significant differences between the three conditions for all tasks. 
  LEFT RIGHT 
SCM SMP SPL TRAP SCM SMP SPL TRAP 
Stairs Up   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.081 0.173 0.135 0.120 0.035 0.139 0.140 0.167 
SD 0.152 0.108 0.091 0.108 0.022 0.045 0.124 0.198 
Min 0.008 0.063 0.040 0.024 0.009 0.063 0.018 0.019 
Max 0.511 0.402 0.279 0.326 0.066 0.194 0.425 0.631 
HMT Average 0.111 0.139 0.115 0.143 0.065 0.139 0.078 0.134 
SD 0.221 0.067 0.085 0.118 0.069 0.055 0.048 0.097 
Min 0.007 0.051 0.031 0.018 0.014 0.047 0.030 0.022 
Max 0.736 0.229 0.259 0.338 0.223 0.204 0.152 0.297 
No AR Average 0.044 0.156 0.126 0.114 0.044 0.146 0.107 0.126 
SD 0.029 0.072 0.088 0.100 0.034 0.069 0.071 0.099 
Min 0.000 0.056 0.043 0.018 0.006 0.051 0.028 0.015 
Max 0.084 0.251 0.244 0.317 0.112 0.266 0.257 0.292 
Stairs Down   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.069 0.148 0.110 0.087 0.038 0.128 0.112 0.145 
SD 0.107 0.095 0.068 0.068 0.027 0.047 0.139 0.207 
Min 0.010 0.051 0.028 0.019 0.009 0.045 0.014 0.013 
Max 0.365 0.355 0.220 0.199 0.088 0.182 0.468 0.664 
HMT Average 0.120 0.124 0.102 0.153 0.088 0.111 0.068 0.121 
SD 0.206 0.067 0.070 0.178 0.125 0.050 0.050 0.106 
Min 0.013 0.037 0.026 0.014 0.020 0.043 0.020 0.016 
Max 0.701 0.260 0.233 0.596 0.392 0.165 0.171 0.326 
No AR Average 0.057 0.139 0.114 0.111 0.069 0.131 0.099 0.118 
SD 0.037 0.072 0.067 0.098 0.061 0.075 0.055 0.126 
Min 0.008 0.038 0.028 0.020 0.018 0.032 0.022 0.004 
Max 0.116 0.250 0.231 0.289 0.181 0.256 0.191 0.394 
Ladder Up   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.162 0.289 0.157 0.236 0.210 0.248 0.167 0.239 
SD 0.132 0.156 0.085 0.131 0.203 0.105 0.106 0.152 
Min 0.054 0.108 0.066 0.055 0.046 0.106 0.068 0.049 
Max 0.487 0.522 0.266 0.441 0.693 0.379 0.367 0.517 
HMT Average 0.213 0.259 0.124 0.287 0.244 0.244 0.135 0.201 
SD 0.194 0.139 0.058 0.192 0.179 0.119 0.076 0.097 
Min 0.066 0.112 0.045 0.060 0.061 0.083 0.064 0.048 
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Max 0.742 0.466 0.217 0.696 0.610 0.382 0.303 0.370 
No AR Average 0.163 0.289 0.166 0.257 0.213 0.257 0.142 0.227 
SD 0.089 0.149 0.089 0.129 0.176 0.129 0.062 0.117 
Min 0.065 0.108 0.081 0.061 0.079 0.089 0.059 0.059 
Max 0.278 0.565 0.293 0.462 0.625 0.457 0.274 0.421 
Ladder Down   (N=10) (N=9) (N=8) (N=9) (N=8) (N=7) (N=8) (N=9)  
HoloLens Average 0.132 0.218 0.126 0.150 0.205 0.208 0.145 0.174 
SD 0.094 0.098 0.094 0.085 0.214 0.097 0.111 0.149 
Min 0.054 0.084 0.032 0.029 0.037 0.074 0.055 0.017 
Max 0.358 0.347 0.328 0.279 0.719 0.309 0.387 0.533 
HMT Average 0.196 0.213 0.110 0.159 0.238 0.216 0.127 0.169 
SD 0.172 0.115 0.064 0.096 0.183 0.106 0.079 0.109 
Min 0.058 0.073 0.025 0.029 0.060 0.060 0.047 0.015 
Max 0.656 0.348 0.211 0.324 0.579 0.327 0.277 0.346 
No AR Average 0.141 0.253 0.116 0.171 0.200 0.200 0.109 0.162 
SD 0.070 0.112 0.066 0.096 0.145 0.082 0.059 0.078 
Min 0.047 0.094 0.022 0.048 0.063 0.059 0.039 0.025 
Max 0.228 0.410 0.223 0.371 0.510 0.273 0.230 0.243 
Outside   (N=9) (N=8) (N=7) (N=9) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.074 0.168 0.145 0.107 0.038 0.152 0.088 0.123 
SD 0.102 0.059 0.071 0.083 0.032 0.065 0.059 0.097 
Min 0.014 0.107 0.059 0.018 0.000 0.060 0.003 0.008 
Max 0.339 0.276 0.260 0.237 0.099 0.261 0.196 0.250 
HMT Average 0.066 0.171 0.109 0.108 0.036 0.134 0.078 0.136 
SD 0.035 0.059 0.067 0.096 0.022 0.046 0.042 0.121 
Min 0.021 0.112 0.047 0.015 0.000 0.057 0.002 0.005 
Max 0.115 0.254 0.237 0.267 0.073 0.194 0.155 0.317 
No AR Average 0.059 0.219 0.120 0.134 0.043 0.161 0.098 0.163 
SD 0.043 0.109 0.045 0.119 0.037 0.067 0.062 0.138 
Min 0.001 0.092 0.051 0.021 0.000 0.047 0.015 0.017 
Max 0.137 0.400 0.186 0.345 0.123 0.256 0.202 0.345 
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Table 7. Summary statistics for the 90th percentile percent MVCEMG of muscles for the three conditions for the daily activities 
of plant operators. There was a significant difference between the three conditions for the ladder down task for the left SCM. 
There were no significant differences between the three conditions for all other tasks. 
  LEFT RIGHT 
SCM SMP SPL TRAP SCM SMP SPL TRAP 
Stairs Up   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.148 0.297 0.232 0.189 0.122 0.225 0.217 0.259 
SD 0.216 0.230 0.134 0.150 0.094 0.079 0.151 0.260 
Min 0.032 0.090 0.076 0.041 0.016 0.099 0.033 0.040 
Max 0.757 0.870 0.434 0.476 0.281 0.348 0.543 0.832 
HMT Average 0.176 0.225 0.205 0.232 0.127 0.227 0.145 0.251 
SD 0.258 0.120 0.121 0.183 0.138 0.090 0.095 0.207 
Min 0.035 0.081 0.057 0.038 0.025 0.069 0.047 0.037 
Max 0.901 0.414 0.404 0.566 0.428 0.328 0.301 0.699 
No AR Average 0.095 0.247 0.216 0.185 0.100 0.235 0.228 0.254 
SD 0.058 0.119 0.130 0.142 0.088 0.108 0.203 0.206 
Min 0.001 0.084 0.065 0.030 0.016 0.080 0.049 0.034 
Max 0.180 0.398 0.399 0.451 0.286 0.407 0.719 0.596 
Stairs Down   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.124 0.233 0.193 0.139 0.070 0.228 0.173 0.229 
SD 0.189 0.162 0.115 0.101 0.049 0.124 0.166 0.280 
Min 0.028 0.083 0.047 0.029 0.015 0.068 0.028 0.023 
Max 0.654 0.626 0.389 0.294 0.155 0.481 0.583 0.905 
HMT Average 0.186 0.196 0.174 0.216 0.193 0.192 0.121 0.212 
SD 0.242 0.104 0.110 0.229 0.250 0.085 0.070 0.205 
Min 0.028 0.050 0.061 0.021 0.038 0.063 0.054 0.027 
Max 0.855 0.383 0.361 0.768 0.772 0.289 0.256 0.685 
No AR Average 0.129 0.219 0.200 0.187 0.208 0.228 0.203 0.193 
SD 0.079 0.118 0.114 0.156 0.167 0.131 0.122 0.193 
Min 0.049 0.055 0.053 0.034 0.032 0.053 0.041 0.024 
Max 0.271 0.424 0.406 0.417 0.422 0.462 0.380 0.633 
Ladder Up   (N=10) (N=10) (N=8) (N=10) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.337 0.498 0.308 0.510 0.396 0.394 0.307 0.495 
SD 0.216 0.265 0.177 0.212 0.276 0.137 0.148 0.217 
Min 0.117 0.214 0.108 0.137 0.126 0.206 0.151 0.181 
Max 0.748 0.889 0.614 0.755 0.992 0.574 0.560 0.891 
HMT Average 0.400 0.447 0.225 0.502 0.486 0.397 0.240 0.425 
SD 0.238 0.228 0.098 0.268 0.289 0.187 0.139 0.149 
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Min 0.099 0.193 0.085 0.134 0.113 0.126 0.100 0.126 
Max 0.968 0.854 0.403 0.927 0.835 0.550 0.524 0.576 
No AR Average 0.331 0.454 0.300 0.493 0.415 0.439 0.279 0.440 
SD 0.173 0.201 0.152 0.229 0.254 0.242 0.145 0.173 
Min 0.155 0.209 0.152 0.150 0.141 0.157 0.108 0.154 
Max 0.620 0.804 0.578 0.818 0.990 0.884 0.608 0.647 
Ladder Down   (N=10) (N=9) (N=8) (N=9) (N=8) (N=7) (N=8) (N=9)  
HoloLens Average 0.260a 0.372 0.235 0.349 0.333 0.342 0.245 0.376 
SD 0.183 0.182 0.138 0.163 0.271 0.174 0.157 0.220 
Min 0.115 0.168 0.068 0.088 0.080 0.121 0.093 0.083 
Max 0.603 0.669 0.535 0.600 0.975 0.535 0.536 0.867 
HMT Average 0.376b 0.395 0.208 0.336 0.417 0.374 0.245 0.356 
SD 0.234 0.230 0.119 0.156 0.224 0.200 0.167 0.182 
Min 0.085 0.120 0.057 0.076 0.129 0.096 0.068 0.051 
Max 0.918 0.714 0.455 0.555 0.741 0.614 0.549 0.556 
No AR Average 0.295a,b 0.472 0.188 0.356 0.383 0.333 0.228 0.349 
SD 0.119 0.253 0.095 0.153 0.225 0.149 0.133 0.143 
Min 0.155 0.169 0.065 0.157 0.130 0.118 0.079 0.119 
Max 0.488 0.963 0.335 0.603 0.873 0.533 0.479 0.487 
Outside   (N=9) (N=8) (N=7) (N=9) (N=8) (N=8) (N=9) (N=9)  
HoloLens Average 0.172 0.397 0.273 0.216 0.080 0.293 0.185 0.253 
SD 0.196 0.146 0.075 0.138 0.064 0.133 0.101 0.205 
Min 0.051 0.184 0.193 0.050 0.000 0.095 0.038 0.030 
Max 0.689 0.566 0.423 0.414 0.194 0.490 0.322 0.671 
HMT Average 0.169 0.329 0.257 0.212 0.093 0.274 0.192 0.234 
SD 0.070 0.110 0.139 0.158 0.051 0.125 0.161 0.193 
Min 0.058 0.177 0.118 0.051 0.000 0.091 0.038 0.044 
Max 0.246 0.489 0.499 0.479 0.152 0.425 0.566 0.621 
No AR Average 0.151 0.383 0.259 0.254 0.104 0.318 0.212 0.292 
SD 0.116 0.168 0.076 0.178 0.065 0.144 0.122 0.201 
Min 0.036 0.166 0.114 0.061 0.000 0.075 0.050 0.058 
Max 0.413 0.654 0.331 0.508 0.215 0.466 0.416 0.569 
a,b p = 0.025, means that do not share a letter are significantly different. 
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Figure 26. Top: Graphs of the 50th percentile %MVC for the right and left SCM muscles for the coal feeder inspection 
tasks. Bottom: Graphs of the 50th percentile %MVC for the right and left SPL muscles for the coal feeder inspection tasks. 
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Figure 27. Top: Graphs of the 50th percentile %MVC for the right and left SMP muscles for the coal feeder inspection 
tasks. Bottom: Graphs of the 50th percentile %MVC for the right and left TRAP muscles for the coal feeder inspection tasks. 
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Figure 28. Top: Graphs of the 90th percentile for the right and left SCM muscles for the coal feeder inspection tasks. 
Bottom: Graphs of the 90th percentile %MVC for the right and left SPL muscles for the coal feeder inspection tasks. 
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Figure 29. Top: Graphs of the 90th percentile %MVC for the right and left SMP muscles for the coal feeder inspection 
tasks. Bottom: Graphs of the 90th percentile %MVC for the right and left TRAP muscles for the coal feeder inspection tasks.
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Figure 30. Top: Graphs of the 50th percentile %MVC for the right and left SCM muscles for the daily activities of plant operators. 
Bottom: Graphs of the 50th percentile %MVC for the right and left SPL muscles for the daily activities of plant operators. 
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Figure 31. Top: Graphs of the 50th percentile %MVC for the right and left SMP muscles for the daily activities of plant 
operators. Bottom: Graphs of the 50th percentile %MVC for the right and left TRAP muscles for the daily activities of plant 
operators. 
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Figure 32. Top: Graphs of the 90th percentile %MVC for the right and left SCM muscles for the daily activities of plant 
operators. Bottom: Graphs of the 90th percentile %MVC for the right and left SPL muscles for the daily activities of plant 
operators 
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Figure 33. Top: Graphs of the 90th percentile %MVC for the right and left SMP muscles for the daily activities of plant 
operators. Bottom: Graphs of the 90th percentile %MVC for the right and left TRAP muscles for the daily activities of plant 
operators. 
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 Statistical Tests of Eye Pupil Diameter 
For the pupil diameter, coal feeder tasks 1, 3, and 4 were analyzed because they 
were longer in task duration (longer than 5 seconds). Of the 12 subjects tested, only eight 
subjects eye data were included in the analysis. Two subjects were excluded because the 
eye camera system did not work properly during testing, two subjects were also excluded 
because the pupil diameter was unable to be extracted from the video recordings post 
hoc. The percent change was calculated using Equation 2 in Section 3.9. The HoloLens 
average percent change ranged from -0.29% to 33%. The HMT average percent change 
ranged from -4.2% to 0.38%. No AR had an average percent change range from 30 to 
61%. The average percent change in pupil diameter was graphed in Figure 34. The 
percent change and p-values can be found in Table 8.  It appears that with no AR, the 
subject’s pupil diameter increased in size over the duration of the task. With the 
HoloLens, the subject’s pupil diameter increased for the first task and stayed 
approximately the same over the other two tasks. With the HMT, the subject’s pupil 
diameter either slightly decreased or stayed approximately the same throughout the 
duration of the task. Using the nonparametric Friedman’s statistical test, there were no 
significant differences between the three conditions found. Figure 35 graph each subject’s 
individual percent change for each of the coal feeder tasks with the overall median and 
mean, respectively. 
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Table 8. Percent change in pupil diameter for the three coal feeder tasks. 
  
Percent Change in 
Pupil Diameter 
P-Value 
Coal 
Feeder 1 
HoloLens 33 (91) 
0.223 HMT -4.2 (29) 
No AR 31 (38) 
Coal 
Feeder 3 
HoloLens -0.29 (18) 
0.325 HMT 0.38 (17) 
No AR 61 (130) 
Coal 
Feeder 4 
HoloLens 2.1 (30) 
0.197 HMT -3.9 (21) 
No AR 30 (50) 
 
 
Figure 34. Average percent change in pupil diameter for the three coal feeder 
tasks. 
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Figure 35. Top: Percent change in pupil diameter for all eight subject’s data. The 
overall mean is denoted by ( ). Bottom: Percent change in pupil diameter for all eight 
subject’s data. The overall median is denoted by (+). 
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 Statistical Tests of Blink Rate 
For blink rate, Coal Feeder Tasks 1, 3 and 4 were analyzed because they had 
longer durations (> 14 seconds) which allowed for a more reliable blink rate. In addition, 
the blink rate from ascending and descending a ladder was also analyzed. The average 
blink rate and p-values can be found in Table 9. It appears the HoloLens blink rate was 
less than the blink rate of the HMT and without any AR. The HoloLens had a blink rate 
of 1.9 to 4.7 (14% to 31% lower) blinks per minute lower than the HMT and no AR. This 
trend was consistent throughout the tasks. However, it was found there was no significant 
difference (p>0.05). Figure 36, a bar graph of the blink rate for each of the tasks 
analyzed, visually shows the differences in blink rate. 
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Table 9. Average blink rate for the tasks at the power plant. 
  
Avg Blink Rate 
[Blinks/Minute] 
HoloLens 
Decrease 
P-value 
Coal Feeder 1 
HoloLens 12.5 (6.2) 
4.7 (27.1%) 0.173 HMT 18.0 (8.7) 
No AR 16.3 (7.3) 
Coal Feeder 3 
HoloLens 10.9 (5.8) 
4.4 (28.8%) 0.170 HMT 15.3 (6.4) 
No AR 15.3 (6.5) 
Coal Feeder 4 
HoloLens 10.7 (4.3) 
4.7 (30.5%) 0.062 HMT 15.0 (6.5) 
No AR 15.8 (7.9) 
Ladder 
HoloLens 11.5 (5.9) 
1.9 (13.9%) 0.266 HMT 13.3 (6.0) 
No AR 13.4 (7.9) 
 
 
Figure 36. Bar graph for the average blink rate for the four tasks analyzed over the 
three conditions. 
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Figure 37. Blink rate versus relative humidity for all subjects and all tasks. 
overall, there is an inverse relationship between blink rate and relative humidity in which 
an increase in relative humidity coincides with a decrease in blink rate. 
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 Performance Analysis 
The coal feeder inspection tasks ranged from 10 to 28 seconds in task duration. 
This time includes only task performance because it excluded the HoloLens Air tap time. 
The duration of daily activities ranged from 5 to 11 seconds. For the Coal Feeder 2 task, 
the HMT and HoloLens were significantly higher time duration than the no AR 
condition. For the Coal Feeder 5 task, the HoloLens was significantly longer than the no 
AR condition. There were no other significant differences between AR and no AR.  
Table 10. Time of task completion for each experimental condition. 
 
HoloLens 
Time [s] 
HMT 
Time [s] 
No AR 
Time [s] 
Coal Feeder 1 23.7 27.4 23.5 
Coal Feeder 2 13.0a 13.5a 10.7b 
Coal Feeder 3 23.3 22.7 22.5 
Coal Feeder 4 15.3 14.4 14.1 
Coal Feeder 5 15.6c 14.2c,d 12.9d 
Stairs Up 10.7 9.8 10.1 
Stairs Down 11.0 10.6 10.6 
Ladder Up 5.3 5.0 4.8 
Ladder Down 5.3 5.2 5.0 
Outside 10.5 9.3 9.2 
a,b p-value = 0.009. Means that do not share a letter are significantly different. 
c,d p-value = 0.001. Means that do not share a letter are significantly different. 
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Figure 38. Mean time duration for plant operators to complete the coal feeder 
inspection tasks. There were no significant differences between the means. 
 
Figure 39. Mean time duration for plant operators to complete the daily activities. 
There were no significant differences between the means. 
 Subjective Analysis 
A Fiedman’s test was used to analyze the subjective assessment (Form 8 in 
Appendix A) because these data are ordinal. The results of this test can be found in Table 
11 and Figures 40–41.  
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Table 11. Summary of non-parametric statistics for the subjective assment. 
 Question HoloLens HMT 
Equipment 
Inspection Task 
 
Q1: Ease of use Average 4.6a 6.4a 
Median 5 6.5 
SD 1.3 0.7 
Range 3 – 6 5 – 7 
Q2: Comfort/discomfort Average 3.7b 5.5b 
Median 3.0 6.0 
SD 1.6 1.5 
Range 1 – 6 2 – 7 
Q3: Effects on eyes Average 6.2 6.3 
Median 6.5 7.0 
SD 1.0 1.0 
Range 4 – 7 4 – 7 
Q4: Effects on neck and 
shoulder muscles 
Average 6.3 6.8 
Median 6.5 7.0 
SD 1.0 0.4 
Range 4 – 7 6 – 7 
Q5: Effects on safe 
equipment inspections 
Average 5.9 6.4 
Median 6.0 7.0 
SD 1.2 1.2 
Range 3 – 7 3 – 7 
Q6: Effects on your 
awareness of things and 
objects around you 
Average 4.7 5.4 
Median 5.0 6.0 
SD 1.9 1.5 
Range 2 – 7 3 – 7 
Q7: Like/dislike of the 
device for equipment 
inspections 
Average 3.9 4.8 
Median 4.0 6.0 
SD 2.1 1.8 
Range 1 – 6 1 – 7 
Walking Up/Down 
Stairs 
Q8: Effects on walking up 
or down stairs safely 
Average 6.5 6.5 
Median 7.0 7.0 
SD 0.9 1.3 
Range 4 – 7 3 – 7 
Q9: Effects on your 
awareness of things and 
objects around you 
Average 4.9 5.4 
Median 6.0 6.0 
SD 1.6 1.6 
Range 2 – 7 3 – 7 
Q10: Like/dislike of the 
device for walking 
up/down stairs 
Average 4.7 5.2 
Median 4.0 6.0 
SD 1.5 1.5 
Range 3 – 7 3 – 7 
Climbing/Descending 
a Ladder 
Q11: Effects on 
climbing/descending a 
ladder safely 
Average 6.5 6.3 
Median 7.0 7.0 
SD 0.9 1.6 
Range 4 – 7 2 – 7 
Q12: Effects on your 
awareness of things and 
objects around you 
Average 4.8 5.2 
Median 5.0 6.0 
SD 1.6 1.4 
Range 2 – 7 3 – 7 
Q13: Like/dislike of device 
climbing/descending a 
ladder 
Average 4.6 5.2 
Median 4.0 6.0 
SD 1.6 1.7 
Range 3 – 7 2 – 7 
a There is a significant difference between the means (p = 0.021) 
b The is a significant difference between the means (p = 0.009) 
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Figure 40. Median values and p-values of the two AR devices being used for inspection 
tasks. 
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Figure 41. Median values and pp-values of the two AR devices for being worn while 
walking up and down stairs and climbing and descending a ladder. 
 
82 
 
Dot plots of all the plant operators’ responses to each of the 13 questions are 
shown below in Figures 42 through 54. These dot plots show the dispersion of the 
subjective assessment responses. 
 
Figure 42. Responses to the ease of use of the AR device. Each individual data 
point represents one plant operator’s response to the survey question. Note: there was a 
significant difference an ease of use between the HoloLens and the HMT. 
 
Figure 43. Responses to the comfort/discomfort of the AR device. Each individual 
data point represents one plant operator’s response to the survey question. Note: there 
was a significant difference for comfort/discomfort between the HoloLens and the HMT. 
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Figure 44. Responses to the perceived effect on eye strain of the AR device. Each 
individual data point represents one plant operator’s response to the survey question. 
Note: there was no significant difference between the HoloLens and the HMT. 
 
Figure 45. Responses to the perceived neck and shoulder muscles of the AR 
device. Each individual data point represents one plant operator’s response to the survey 
question. Note: there was no significant difference between the HoloLens and the HMT. 
 
Figure 46. Responses to the perceived effect on safety of the AR device. Each 
individual data point represents one plant operator’s response to the survey question. 
Note: there was no significant difference between the HoloLens and the HMT. 
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Figure 47. Responses to the perceived effect on situational awareness of the AR 
device. Each individual data point represents one plant operator’s response to the survey 
question. Note: there was no significant difference between the HoloLens and the HMT. 
 
Figure 48. Responses to the like/dislike of the AR device. Each individual data 
point represents one plant operator’s response to the survey question. Note: there was no 
significant difference between the HoloLens and the HMT. 
 
Figure 49. Responses to the perceived effect on safety while walking up/down 
stairs with the AR device. Each individual data point represents one plant operator’s 
response to the survey question. Note: there was no significant difference between the 
HoloLens and the HMT. 
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Figure 50. Responses to the like/dislike of the AR device while walking up/down 
stairs. Each individual data point represents one plant operator’s response to the survey 
question. Note: there was no significant difference between the HoloLens and HMT. 
 
Figure 51. Responses to the perceived effect on safety of climbing/descending a 
ladder with the AR device. Each individual data point represents one plant operator’s 
response to the survey question. Note: there was no significant difference between the 
HoloLens and HMT. 
 
Figure 52. Responses to the like/dislike of climbing and descending a ladder with 
the AR device. Each individual data point represents one plant operator’s response to the 
survey question. Note: there was no significant difference between the HoloLens and 
HMT. 
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Figure 53. Responses to the perceived effect on situational awareness while 
climbing and descending a ladder with the AR device. Each individual data point 
represents one plant operator’s response to the survey question. Note: there was no 
significant difference between the HoloLens and HMT. 
 
 
Figure 54. Responses to the perceived effect on situational awareness while 
walking up/down stairs with the AR device. Each individual data point represents one 
plant operator’s response to the survey question. Note: there was no significant difference 
between the HoloLens and HMT. 
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Table 12. Percentages for plant operators’ opinions on using AR devices on the 
job and usefulness for training purposes. 
Question 
HoloLens HMT 
Number Percentage Number Percentage 
Q:14: Would you 
use the device on 
the job most of 
the time (4 hours 
or more) as a 
plant operator? 
Yes 2 16.67% 3 25.0% 
No 4 33.33% 4 33.3% 
Maybe 6 50.00% 5 41.7% 
Q15: Would you 
use the device on 
the job 
sometimes (1 to 4 
hours) as a plant 
operator? 
Yes 4 33.33% 6 50.0% 
No 3 25.00% 2 16.7% 
Maybe 5 41.67% 4 33.3% 
Q17: Do you think 
the device may 
help operators in 
their training? 
Yes 9 75.00% 8 66.7% 
No 0 0.00% 1 8.3% 
Maybe 3 25.00% 3 25.0% 
 
 
Figure 55. Figure for plant operators’ opinions about using AR devices on the job. 
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Table 13. Summary of the preference of plant operators in using AR 
Preference 
Rank 
HoloLens HMT No AR 
Number Percentage Number Percentage Number Percentage 
1 2 16.7% 3 25.0% 7 58.3% 
2 4 33.3% 5 41.7% 3 25.0% 
3 6 50.0% 4 33.3% 2 16.7% 
 
 
Figure 56. Plant operators’ preference of AR device. 
 
Figure 57. Power plant operators rating of like/dislike of AR device for equipment 
inspections versus their experience as a plant operator. 
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Table 14. Preference of AR device based on the experience of the plant operator. 
Experience as Plant 
Operator [years] HoloLens HMT 
4 
  
5 
  
5.5 
  
7 
 
 
8 
 
 
11 
 
 
18 
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5. DISCUSSION 
 Biomechanical Loading (Muscle Fatigue) 
Electromyography (EMG) is a measure an indicator of muscle force. Several 
studies have found that a higher activation of neck flexor and extensor muscles (SCM, 
SMP, SPL, and TRAP muscles) may be related to neck pain and neck fatigue (Lindstrom, 
2011; Zito, 2006; Johnston, 2008; Lindstrom 2005; Falla, 2004; Fernandex de las Penas, 
2008). Overall, the present study found that AR has no significant effect on muscle force 
for short duration tasks, which may be an indication that wearing AR for short durations 
of time will not lead to muscle fatigue. However, there is a need to evaluate long term 
effects of AR devices on muscle fatigue.  
 Eye Pupil Diameter 
Studies have found that a decrease in pupil diameter over a duration of a task may 
be an indication of eye strain and eye fatigue (Geacintov, 1974; Murata, 2001; Saito, 
1994). In the present study subjects experienced an overall increase in pupil diameter 
while wearing no AR. While wearing the HoloLens for Coal Feeder Tasks 3 and 4 and 
while wearing the HMT for Coal Feeder Tasks 1, 3, and 4 there was a trend in which the 
subjects experienced either a decrease or approximately no change in pupil diameter over 
the duration of the task. This trend may indicate that wearing AR may affect the near 
reflex of the pupil, possibly increasing the risk of eye strain. However, the trend in 
percent change did not meet the p-value of 0.05 to infer a significant difference, partially 
due to the large standard deviation. In the 2001 study by Murata et al., it was determined 
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that in order to effectively evaluate eye fatigue based on pupil diameter, the following 
conditions need to be met: 
1. Head movement is limited and infrequent. 
2. The task requires focal accommodation. 
3. There is no outstanding change in the lighting environment such as luminous 
intensity or brightness. 
In the present study, the three conditions above were not controlled. Subjects had large 
amounts of head movement. Additionally, subjects were moving around the coal feeder 
in order to inspect it, which may have led to significant changes in light intensity. In the 
future, testing should be set up specifically to meet these conditions in order to better 
determine eye strain and eye fatigue based off of change in pupil diameter. 
 Eye Blink Rate 
A decreased blink rate has been found to be an indicator of eye strain and eye 
fatigue (Abelson, 1999; Blehm, 2005; Yan, 2008). From the results, it was found that the 
HoloLens may decrease blink rate compared to no AR and using the HMT. Overall, 
subjects experienced an average of 1.9 to 4.7 fewer blinks per minute over three 
inspection tasks and ascending/descending a ladder, which is a 14% to 31% decrease in 
blink rate. Using ANOVA, p-values ranged from 0.06 to 0.27 so results were not found to 
be statistically significant at the 0.05 level. Based on blink rate, the HoloLens may 
increase the risk of dry eyes. Tasks with a longer duration (>30 seconds) should be 
analyzed for blink rate because blink rate is not a steady occurrence, like heart rate is. In 
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order to get a more robust characterization of overall blinks per minute, a longer duration 
task should be used. 
Relative humidity may be considered a confounding variable with eye blink rate. 
Studies have found that with an increase in relative humidity, people experience a 
decrease in blink rate (Melikov, 2011).  This inverse relationship between blink rate and 
relative humidity was somewhat apparent in the present study for the HMT and the no 
AR condition, but not for the HoloLens, as shown in Figure 37. It is important to note 
that relative humidity changed between subjects (because subjects were tested on 
different days) but did not change within subjects because the relative humidity did not 
change while a subject was tested on all three conditions.  
 Performance 
From the literature, it was found that AR may not provide a benefit to simple, 
repetitive tasks, which would comprise the tasks in the present study. These operators 
typically complete these tasks every work day without any instructions. Once the task 
began, they did not actually need the information provided by the AR, so they did not 
rely on the AR content.  
For the present study, there was a significant difference in task completion time 
for Coal Feeder Task 2 and Coal Feeder Task 5. For Coal Feeder Task 2, no AR task 
completion time was significantly shorter than the HoloLens and HMT (2.3 to 2.6 
seconds shorter). For Coal Feeder Task 5, the HoloLens had a significantly longer task 
completion time than No AR (2.8 seconds longer). There were no other significant 
differences in task completion times in the present study. Note, in the completion times, 
the time it took the operator to click through the HoloLens content was omitted. The 
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quality of task completion was not able to be assessed because tasks were discrete – they 
were either completed or not completed.  
Overall, a common theme is the importance of the AR device providing useful, 
timely, and relevant information to the plant operator, which is an important key to 
integrating AR into the industrial workforce. AR should not be seen as the solution; but 
rather it should be seen as part of the solution. As such, AR should be integrated into a 
workflow to improve efficiencies and provide value. In the future, AR content should be 
developed to provide helpful information to all levels of plant operators so that the AR is 
providing useful content. Testing should be conducted on more complex tasks to evaluate 
how AR can effect operator performance. Testing should also be done on how AR can 
improve operator performance during training. 
 Subjective Assessment 
There were no perceived differences in safety between AR and no AR. With 
subjective assessment, both AR devices had medians of 7 for walking up/down stairs and 
climbing/descending a ladder. The perceived difference in safety between the HoloLens 
and no AR was minimal in equipment inspections. The HoloLens median was 6 and the 
HMT had a median of 7 (p-value = 0.15). 
For perceived situational awareness, subjects felt a little more cautious when 
viewing the ambient environment with AR devices. For equipment inspection, the 
HoloLens had a median of 5 and the HMT had a median of 6 (p-value = 0.15). For 
situational awareness while walking up/down stairs, both the HoloLens and HMT had a 
median of 6 (p-value = 0.13). When climbing and descending the ladder, the HoloLens 
had a median of 5 while the HMT had a median of 6 (p-value = 0.23). In the future, more 
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questions should be asked to determine how the devices affect particpants situational 
awareness.  
The HMT was rated easier to use than the HoloLens, with medians of 6.5 and 5, 
respectively (p-value = 0.02). The HMT was also rated as more comfortable than the 
HoloLens with medians of 6.5 and 5 respectively (p-value = 0.01).  
When rating the like/dislike for the AR device for equipment inspections, the 
HoloLens had a median of 4 and the HMT had a median of 6 (p-value = 0.386). There 
was a large range in ratings, with the HoloLens ranging from 1 to 6 and the HMT ranging 
from 1 to 7. Overall, opinions of the devices were widespread.  
One confounding variable to these rankings is that color of slides and color text as 
well as the approach employed to move between slides were different between the two 
AR devices, somewhat biasing these results. The colors were chosen to optimally present 
the information and allow the subject to move throughout the slides with ease for both 
devices. Additioanlly, for the HoloLens, subjects were only taught the air tap to move 
throughout the slides, when a voice command was available. The voice commands were 
never tested in the power plant, which was an oversight of the study. After testing, it was 
discovered that it has been noted that the first generation of the Hololens did not work 
reliably in noisy environments such as a power plant (Strange, 2019). Nick Kingensmith, 
a Mixed Reality Academy Lead Engineer at Microsoft, spoke to this issue after the 
release of the HoloLens 2 on March 12, 2019 (The Realities Show, 2019):  
“The new mics [in the HoloLens 2] have a great ability to pick out your 
voice from the environment around you. I think the number that I saw was 90 
decibels. So it can hear you even when there's about 90 decibels of ambient audio 
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around you. This was kind of like a problem for the HoloLens 1 if you had it in a 
demo situation or conference floor, you couldn't rely on the voice recognition”. 
Nonetheless, this should have been tested in the power plant and in the future, partcipants 
should be trained on both the clicking method and the voice commands of the HoloLens. 
Additionally, the presentation of the slides should be kept consistent with both AR 
devices to provide a fairer comparison of the two devices. 
 Comments from Plant Operators 
Plant operators reported both positive and negative comments about AR. Overall, 
workers felt that AR could be beneficial for training, which was definitively reflected in 
the subjective survey in which 9 operators (75%) felt the HoloLens would be helpful in 
training and 3 operators (25%) felt the HoloLens may be helpful in training. Additionally, 
8 operators (67%) of operators felt the HMT would be helpful in training and 3 operators 
(25%) felt the HMT may be helpful in training.  
Other comments that operators made about AR were the following: 
 “AR could give consistency to training” 
 “I see AR as a training tool but not for a qualified pro for equipment 
inspections” 
 “The hands free/voice option is key” 
 “AR acts as an equalizer of operators of any level” 
 “AR could be used as a crutch so people may not get a full 
understanding/base knowledge of the equipment – this could cause issues 
when fast response is needed” 
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 “A depth of data would really make AR device useful versus mediocre” 
 “AR is useful for a brand new process or a new piece of equipment” 
Positive and negative comments reported by the plant operators regarding the Microsoft 
HoloLens are in Table 15. Positive and negative comments reported by the plant 
operators regarding the Realwear HMT are in Table 16.  
Table 15. Positives and negatives on using the Microsoft HoloLens in the power 
plant reported by plant operators. 
Positives Negatives 
 “Depending on data available, 
(such as oil levels, internal temp of 
equipment, etc.) could be used 
more for an everyday on the job 
tool” 
 “HoloLens is not comfortable to 
wear and it is hard to adjust 
hardhat/lens to see the screen” 
 “A good training tool and ready 
reference for operators” 
 “Unit is a bit heavy” 
 “Operators in training will have less 
dependency on others” 
 “Clicking with your finger was 
not reliable” 
 “Infinite information about 
equipment could reduce the human 
error factor” 
 “Cannot detect hand gestures 
effectively while wearing thicker 
gloves” 
 “Seems to have lots more 
possibilities/capabilities [compared 
to the HMT]” 
 “The screen is dark and interferes 
with view while walking around” 
 
 “Needs more elegant attachment 
to hardhat” 
 
 
Table 16. Positives and negatives on using the Realwear HMT in the power plant 
reported by plant operators. 
Positives Negatives 
“Far more comfortable and easier to use 
than the HoloLens”  
“The size of screen may not be practical” 
“Voice option is great” “Too obstructive – impairs visual field” 
“Works with prescription glasses easily”  
“A great ready reference”  
“Has the option to remove completely 
from vision” 
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6. CONCLUSION 
In this study, the following was found: 
 The HoloLens may decrease blink rate compared to the HMT and no AR 
conditions. The HoloLens averages 1.5 to 5 fewer blinks per minute, 
although it was not statistically significant. Decreased blink rate is a 
factor for eye strain and dry eye syndrome.  
 There was no significant difference in electromyography (EMG) muscle 
activity between AR and no AR conditions.  
 There was no significant difference in task duration between AR and no 
AR with the exception of Coal Feeder tasks 2 and 5.  
 Quality of work was not able to be measured because inspection is 
discrete (completed or not completed).  
 There was no significant difference in perceived safety between the HMT 
and HoloLens and no AR.  
 Workers felt a little more cautious about situational awareness with AR 
devices than with no AR.  
 The HMT was rated as ‘easier to use’ and ‘more comfortable’ than the 
HoloLens.  
 There was no significant difference in like/dislike between the HMT and 
HoloLens. 
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7. LIMITATIONS 
There were several limitations to this study: 
 Only two AR devices were tested. The Microsoft HoloLens is a true AR 
system. The Realwear HMT-1 is more of a wearable tablet. As more AR 
devices are developed, they should also be tested.  
 Only short duration tasks were tested, so the results of this study only 
apply to wearing an AR device for a short period of time. Additionally, the 
only tasks tested were simple, repetitive tasks, the results of this study may 
not apply to tasks of a complex nature.  
 Only twelve subjects participated in this study. All subjects were from one 
power plant and only one piece of equipment was inspected, which limits 
the generalizability of the results to other groups of workers.  
 Only static AR content was tested. Static AR content does not explore all 
of the capabilities of AR, possibly limiting the benefits of using AR for 
task completion. 
 The color of the text and background of the PowerPoints for the HoloLens 
and HMT were not the same and could act as a counfounding variable. 
The reason the color and text of the PowerPoints were different was 
because of the differences in how the devices present the digital 
information to the user. We optimized the background color of the 
PowerPoint (dark grey for the HoloLens, white for the HMT) for obth 
devices so that it would provide the most contrast and legibility to the 
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viewer. In the future, studies should strive to make the background color 
and text of the PowerPoints as similar as possible. 
 There were no measurements taken of a participant’s basic time to 
completion of the tasks with no sensors attached. This would provide a 
comparison of no AR (with sensors) versus what the participant’s actual 
normal is. In the future, studies should measure the completion time for a 
subject to complete the task with no sensors to gain a better understanding 
of what their true normal is. 
 Testing was completed over 12 weeks, testing one subject per week. With 
this span of testing, the relative humidity in the plant varied a great deal 
between subjects (was held constant within subjects). Relative humidity is 
known to inversely effect blink rate (Melikov, 2011). In the future, studies 
should strive to keep the relative humidity during testing constant between 
subjects. 
 Participants were only trained to use the air tap on the HoloLens, they 
were not trained on how to use the voice recognition. This may have 
created a bias towards the device and in the future, participants should be 
trained on both the gesture recognition and speech recognition abilities of 
the HoloLens. 
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8. FUTURE WORK 
This study was a descriptive study to explore how AR affected occupational 
ergonomic aspects in the industrial workplace. In the future, a larger number of subjects 
should be tested to provide inferences on how AR affects muscle fatigue and eye strain. 
More research needs to be conducted on AR in the industrial workforce to 
conclude how AR affects eye strain and eye fatigue in workers. Tasks with longer 
durations (>30 seconds) should be tested to get more robust eye data. Tests also need to 
be done in which AR is worn by workers for longer durations (>2 hours) to characterize 
muscle activity for longer durations of wear during a shift. Particular attention needs to 
be paid to the differences in risk of eye strain between AR types. Also, other groups of 
workers, such as overhead line, underground, etc., need to be tested to see how AR 
affects workers across all sectors of the electric utility field.  
To further characterize the biomechanical loading of HMD AR devices, the 
erector spinae muscles should be included in future studies. Johnston et al. (2008) found 
that the erector spinae, a lower back muscle, is also an indicator of neck pain and neck 
fatigue. The rate of relaxation of neck flexor and extensor muscles should also be 
analyzed while using AR for an extended amount of time. It has been found that subjects 
with reported neck pain are slower to relax the neck flexors and extensors (Johnston, 
2008). 
 Neck range of motion should also be studied while wearing AR devices. Studies 
have related neck pain for pilots wearing night vision goggles partially with pilots 
spending more time in non-neutral postures because of the decrease in peripheral vision 
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(Forde, 2011). This phenomenon may occur with AR devices and should be further 
explored. 
For situational awareness, further research should be done to better characterize 
the effect of AR. This study was very limited in the questions asked on situational 
awareness. In the future, techniques such as the freeze probe technique should be 
explored. In this technique, a task is randomly frozen with displays and screens blanked. 
When this happens, the participant is asked questions based on the current conditions at 
the tiem of the freeze and these are used to assess the partipants situational awareness 
(Salmon, 2007). This provides a more robust and objective evaluation of the participant’s 
situational awareness. At the very least, the subjective assessment of situational 
awareness should be expanded to the Situation Awarenesss Rating Technique (Taylor, 
1990) which would expand the subjective assessment questions to ten dimensions. 
For eye strain, further research should be done to characterize the effect of AR on 
a person’s dominant versus non-dominant eye. Both eyes should be monitored for pupil 
diameter and blink rate. The Pupil Labs eye cameras can easily record these measures of 
both eyes. Also, future studies should investigate the number of incomplete blinks users 
are experiencing with AR. Chu et al. (2014) found that when reading, subjects had a 
significantly higher number of incomplete blinks compared to subjects reading print 
materials. Incomplete blinking can lead to reduced tear thickness, resulting in significant 
evaporation and tear break-up (McMonnies, 2007).  
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APPENDIX A: EXPERIMENTAL STUDY FORMS 
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APPENDIX C: ANOVA RESULTS FOR EMG MUSCLE 
ACTIVITY ANALYSIS 
LSMP 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.005888 63.02% 0.003169 1.857899 0.032 
Error 0.003455 36.98% 0.001092 3.162278 0.001 
Total 0.009343             
-2 Log likelihood = -57.408856 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 2.00 0.162 
Model Summary 
S R-sq R-sq(adj) 
0.0587768 74.58% 72.89% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.192874 0.025298 10.00 7.624188 0.000 
AR 1                
  HL 0.007468 0.014470 20.00 0.516086 0.611 
  HMT -0.027943 0.014470 20.00 -1.931108 0.068 
Conditional Fits and Diagnostics for Unusual Observations 
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Obs CF 1 Fit Resid Std Resid  
12 0.041983 0.192669 -0.150686 -3.166198 R 
23 0.385601 0.241087 0.144514 3.036499 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.006276 64.56% 0.003340 1.879050 0.030 
Error 0.003444 35.44% 0.001089 3.162278 0.001 
Total 0.009720             
-2 Log likelihood = -56.936851 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 20.00 1.00 0.386 
Model Summary 
S R-sq R-sq(adj) 
0.0586894 75.14% 73.48% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.143130 0.025979 10.00 5.509453 0.000 
AR 2                
  HL -0.001583 0.014448 20.00 -0.109578 0.914 
  HMT -0.016844 0.014448 20.00 -1.165811 0.257 
Marginal Fits and Diagnostics for Unusual Observations 
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Obs CF 2 Fit Resid Std Resid  
7 0.385084 0.141547 0.243537 2.590726 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
7 0.385084 0.239012 0.146072 3.080185 R 
23 0.266498 0.135974 0.130524 2.752322 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.006084 85.65% 0.002875 2.116312 0.017 
Error 0.001019 14.35% 0.000322 3.162278 0.001 
Total 0.007103             
-2 Log likelihood = -82.738093 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.45 0.258 
Model Summary 
S R-sq R-sq(adj) 
0.0319262 90.31% 89.67% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.122109 0.024165 10.00 5.053176 0.000 
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AR 3                
  HL 0.013201 0.007860 20.00 1.679575 0.109 
  HMT -0.008551 0.007860 20.00 -1.087946 0.290 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
20 0.274695 0.113558 0.161137 2.005293 R 
31 0.286534 0.117459 0.169076 2.104080 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.275114 0.192788 0.082326 3.269372 R 
15 0.148204 0.085757 0.062447 2.479927 R 
18 0.114500 0.171036 -0.056536 -2.245188 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 10 1, 2, 3, 4, 6, 7, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.005292 87.25% 0.002618 2.021732 0.022 
Error 0.000773 12.75% 0.000258 3.000000 0.001 
Total 0.006065             
-2 Log likelihood = -80.102008 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 18.00 0.75 0.485 
Model Summary 
S R-sq R-sq(adj) 
0.0278048 91.37% 90.73% 
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Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.149262 0.023559 9.00 6.335802 0.000 
AR 4                
  HL 0.005713 0.007179 18.00 0.795724 0.437 
  HMT -0.008671 0.007179 18.00 -1.207754 0.243 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
8 0.362831 0.154975 0.207856 2.813257 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
5 0.123607 0.179946 -0.056339 -2.585987 R 
8 0.362831 0.298835 0.063996 2.937447 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.005798 65.14% 0.003073 1.886850 0.030 
Error 0.003102 34.86% 0.000981 3.162278 0.001 
Total 0.008900             
-2 Log likelihood = -59.862535 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
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AR 5 2.00 20.00 1.56 0.234 
Model Summary 
S R-sq R-sq(adj) 
0.0556959 75.88% 74.27% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.141400 0.024921 10.00 5.673925 0.000 
AR 5                
  HL -0.001350 0.013711 20.00 -0.098464 0.923 
  HMT -0.020281 0.013711 20.00 -1.479138 0.155 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
5 0.135487 0.230737 -0.095250 -2.118080 R 
18 0.031947 0.163924 -0.131978 -2.934800 R 
29 0.299713 0.205836 0.093876 2.087537 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.005065 71.15% 0.002720 1.862142 0.031 
Error 0.002054 28.85% 0.000685 3.000000 0.001 
Total 0.007118             
-2 Log likelihood = -62.199206 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 1.40 0.272 
Model Summary 
S R-sq R-sq(adj) 
0.0453177 80.21% 78.75% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.155900 0.023977 9.00 6.501940 0.000 
AR 6                
  HL 0.016863 0.011701 18.00 1.441149 0.167 
  HMT -0.017069 0.011701 18.00 -1.458793 0.162 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.402159 0.172763 0.229396 2.866000 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.402159 0.254243 0.147916 4.093667 R 
16 0.126076 0.220311 -0.094235 -2.608013 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.003898 62.70% 0.002217 1.758245 0.039 
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Error 0.002319 37.30% 0.000773 3.000000 0.001 
Total 0.006217             
-2 Log likelihood = -61.879482 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 0.62 0.549 
Model Summary 
S R-sq R-sq(adj) 
0.0481582 73.53% 71.57% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.136736 0.021613 9.00 6.326628 0.000 
AR 7                
  HL 0.010901 0.012434 18.00 0.876682 0.392 
  HMT -0.012841 0.012434 18.00 -1.032728 0.315 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
6 0.354698 0.147637 0.207060 2.768059 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
6 0.354698 0.207569 0.147129 3.790426 R 
16 0.095690 0.183827 -0.088137 -2.270636 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
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AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.018344 83.42% 0.009230 1.987588 0.023 
Error 0.003646 16.58% 0.001215 3.000000 0.001 
Total 0.021991             
-2 Log likelihood = -40.846386 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 0.83 0.454 
Model Summary 
S R-sq R-sq(adj) 
0.0603841 88.72% 87.88% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.278735 0.044227 9.00 6.302432 0.000 
AR 8                
  HL 0.010173 0.015591 18.00 0.652482 0.522 
  HMT -0.020044 0.015591 18.00 -1.285577 0.215 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
6 0.521968 0.343052 0.178916 3.767107 R 
16 0.183666 0.312835 -0.129169 -2.719680 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 7, 9, 10, 11, 12 
136 
 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.007934 67.34% 0.004631 1.713426 0.043 
Error 0.003847 32.66% 0.001360 2.828427 0.002 
Total 0.011782             
-2 Log likelihood = -40.772735 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 1.10 0.358 
Model Summary 
S R-sq R-sq(adj) 
0.0620278 77.39% 75.51% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.227884 0.032001 8.00 7.121179 0.000 
AR 9                
  HL -0.009736 0.016882 16.00 -0.576728 0.572 
  HMT -0.015080 0.016882 16.00 -0.893273 0.385 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
20 0.410477 0.235507 0.174970 3.543183 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 2, 3, 4, 6, 8, 9, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
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Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.004298 68.65% 0.002659 1.616581 0.053 
Error 0.001963 31.35% 0.000742 2.645751 0.004 
Total 0.006262             
-2 Log likelihood = -48.697113 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 3.32 0.066 
Model Summary 
S R-sq R-sq(adj) 
0.0443094 79.73% 77.80% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.186043 0.024882 7.00 7.477159 0.000 
AR 10                
  HL -0.018347 0.012791 14.00 -1.434373 0.173 
  HMT -0.014545 0.012791 14.00 -1.137104 0.275 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
20 0.400097 0.218935 0.181162 2.447488 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
20 0.400097 0.312378 0.087719 2.510431 R 
R  Large residual 
 
LSMP 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
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Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.063378 96.23% 0.028715 2.207174 0.014 
Error 0.002481 3.77% 0.000785 3.162278 0.001 
Total 0.065859             
-2 Log likelihood = -41.924789 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 2.68 0.093 
Model Summary 
S R-sq R-sq(adj) 
0.0498102 97.49% 97.32% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.428511 0.076399 10.00 5.608856 0.000 
AR 1                
  HL 0.025854 0.012262 20.00 2.108417 0.048 
  HMT -0.023135 0.012262 20.00 -1.886697 0.074 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
9 0.975173 0.454366 0.520807 2.128460 R 
31 0.960703 0.425793 0.534910 2.186098 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
7 0.656247 0.548904 0.107343 2.759331 R 
29 0.425310 0.520331 -0.095020 -2.442567 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.044547 80.65% 0.021545 2.067615 0.019 
Error 0.010690 19.35% 0.003381 3.162278 0.001 
Total 0.055238             
-2 Log likelihood = -15.597582 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 20.00 1.30 0.295 
Model Summary 
S R-sq R-sq(adj) 
0.103394 86.84% 85.96% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.339778 0.066134 10.00 5.137719 0.000 
AR 2                
  HL -0.001234 0.025454 20.00 -0.048486 0.962 
  HMT -0.034915 0.025454 20.00 -1.371691 0.185 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
23 0.922703 0.375927 0.546777 2.439994 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
3 0.486221 0.258757 0.227464 2.775008 R 
23 0.922703 0.703706 0.218997 2.671716 R 
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R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.021962 69.88% 0.011277 1.947469 0.026 
Error 0.009467 30.12% 0.002994 3.162278 0.001 
Total 0.031429             
-2 Log likelihood = -24.527643 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 4.48 0.025 
Model Summary 
S R-sq R-sq(adj) 
0.0972981 80.42% 79.11% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.251155 0.047785 10.00 5.255941 0.000 
AR 3                
  HL 0.068363 0.023953 20.00 2.854013 0.010 
  HMT -0.052935 0.023953 20.00 -2.209929 0.039 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.800655 0.319517 0.481137 2.846443 R 
9 0.736418 0.319517 0.416901 2.466416 R 
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31 0.620001 0.235727 0.384274 2.273393 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.800655 0.498108 0.302546 3.874364 R 
R  Large residual 
 
Comparisons for CF 3 
Tukey Pairwise Comparisons: AR 3 
Grouping Information Using the Tukey Method and 95% Confidence 
AR 3 N Mean Grouping 
HL 11 0.319517 A    
No 11 0.235727 A B 
HMT 11 0.198220    B 
Means that do not share a letter are significantly different. 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 10 1, 2, 3, 4, 6, 7, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.020464 83.59% 0.010288 1.989201 0.023 
Error 0.004016 16.41% 0.001339 3.000000 0.001 
Total 0.024480             
-2 Log likelihood = -38.131111 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
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AR 4 2.00 18.00 1.25 0.312 
Model Summary 
S R-sq R-sq(adj) 
0.0633714 88.90% 88.07% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.285330 0.046693 9.00 6.110735 0.000 
AR 4                
  HL 0.017742 0.016362 18.00 1.084314 0.293 
  HMT -0.025119 0.016362 18.00 -1.535159 0.142 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
8 0.698270 0.303072 0.395198 2.662498 R 
28 0.692417 0.292707 0.399710 2.692891 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
18 0.464120 0.572708 -0.108588 -2.178949 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.026620 62.65% 0.014368 1.852757 0.032 
Error 0.015867 37.35% 0.005018 3.162278 0.001 
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Total 0.042487             
-2 Log likelihood = -11.805965 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 1.11 0.350 
Model Summary 
S R-sq R-sq(adj) 
0.125963 73.76% 72.01% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.298325 0.053859 10.00 5.538987 0.000 
AR 5                
  HL 0.004488 0.031010 20.00 0.144729 0.886 
  HMT -0.042004 0.031010 20.00 -1.354518 0.191 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
9 0.735761 0.302813 0.432947 2.202951 R 
31 0.750231 0.335841 0.414390 2.108525 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
7 0.641777 0.422373 0.219404 2.150079 R 
18 0.105029 0.375881 -0.270852 -2.654242 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
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AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.014347 52.88% 0.008886 1.614515 0.053 
Error 0.012784 47.12% 0.004261 3.000000 0.001 
Total 0.027131             
-2 Log likelihood = -18.714521 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 1.08 0.360 
Model Summary 
S R-sq R-sq(adj) 
0.113065 66.26% 63.77% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.256307 0.043137 9.00 5.941637 0.000 
AR 6                
  HL 0.041010 0.029193 18.00 1.404767 0.177 
  HMT -0.031528 0.029193 18.00 -1.079959 0.294 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.869936 0.297317 0.572619 3.664481 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.869936 0.473188 0.396748 4.291107 R 
16 0.190987 0.400651 -0.209663 -2.267656 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
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DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.009467 55.46% 0.005720 1.654937 0.049 
Error 0.007605 44.54% 0.002535 3.000000 0.001 
Total 0.017072             
-2 Log likelihood = -32.011270 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 0.46 0.641 
Model Summary 
S R-sq R-sq(adj) 
0.0872039 67.65% 65.26% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.215822 0.034644 9.00 6.229758 0.000 
AR 7                
  HL 0.017016 0.022516 18.00 0.755709 0.460 
  HMT -0.019899 0.022516 18.00 -0.883755 0.388 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
6 0.626323 0.232838 0.393486 3.174469 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
6 0.626323 0.344787 0.281537 3.963913 R 
16 0.162250 0.307873 -0.145622 -2.050297 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.041848 77.10% 0.021724 1.926361 0.027 
Error 0.012426 22.90% 0.004142 3.000000 0.001 
Total 0.054274             
-2 Log likelihood = -11.081974 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 0.63 0.545 
Model Summary 
S R-sq R-sq(adj) 
0.111473 84.22% 83.05% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.466377 0.067816 9.00 6.877131 0.000 
AR 8                
  HL 0.031980 0.028782 18.00 1.111111 0.281 
  HMT -0.019534 0.028782 18.00 -0.678671 0.506 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
6 0.888920 0.578092 0.310828 3.521365 R 
16 0.273117 0.526578 -0.253461 -2.871449 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 7, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.029509 59.00% 0.018332 1.609674 0.054 
Error 0.020507 41.00% 0.007250 2.828427 0.002 
Total 0.050016             
-2 Log likelihood = -3.022713 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 1.20 0.326 
Model Summary 
S R-sq R-sq(adj) 
0.143202 71.28% 68.88% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.412842 0.063548 8.00 6.496572 0.000 
AR 9                
  HL -0.041134 0.038975 16.00 -1.055401 0.307 
  HMT -0.017786 0.038975 16.00 -0.456347 0.654 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
20 0.963104 0.471762 0.491341 2.330261 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
20 0.963104 0.537433 0.425671 3.691731 R 
R  Large residual 
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Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 2, 3, 4, 6, 8, 9, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.017182 83.59% 0.009795 1.754282 0.040 
Error 0.003373 16.41% 0.001275 2.645751 0.004 
Total 0.020555             
-2 Log likelihood = -31.970325 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 3.04 0.080 
Model Summary 
S R-sq R-sq(adj) 
0.0580759 89.24% 88.21% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.369899 0.047837 7.00 7.732561 0.000 
AR 10                
  HL 0.027520 0.016765 14.00 1.641491 0.123 
  HMT -0.040514 0.016765 14.00 -2.416549 0.030 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
20 0.653906 0.382893 0.271013 2.020812 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
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Obs OUT 10 Fit Resid Std Resid  
10 0.322559 0.417496 -0.094937 -2.108219 R 
R  Large residual 
 
LSCM 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.000919 61.04% 0.000502 1.829722 0.034 
Error 0.000587 38.96% 0.000185 3.162278 0.001 
Total 0.001505             
-2 Log likelihood = -111.304714 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 0.38 0.686 
Model Summary 
S R-sq R-sq(adj) 
0.0242195 72.02% 70.16% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.052712 0.010065 10.00 5.236936 0.000 
AR 1                
  HL 0.002119 0.005962 20.00 0.355354 0.726 
  HMT -0.005194 0.005962 20.00 -0.871042 0.394 
Marginal Fits and Diagnostics for Unusual Observations 
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Obs CF 1 Fit Resid Std Resid  
1 0.152096 0.054831 0.097265 2.629149 R 
23 0.155539 0.055787 0.099752 2.696371 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.152096 0.104289 0.047807 2.431125 R 
12 0.030448 0.096977 -0.066529 -3.383193 R 
23 0.155539 0.105245 0.050294 2.557591 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.001110 68.49% 0.000606 1.831188 0.034 
Error 0.000511 31.51% 0.000170 3.000000 0.001 
Total 0.001621             
-2 Log likelihood = -100.766937 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 1.54 0.242 
Model Summary 
S R-sq R-sq(adj) 
0.0225982 78.37% 76.77% 
Coefficients 
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Term Coef SE Coef DF T-Value P-Value 
Constant 0.046940 0.011315 9.00 4.148530 0.002 
AR 2                
  HL -0.007408 0.005835 18.00 -1.269658 0.220 
  HMT -0.002403 0.005835 18.00 -0.411776 0.685 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
16 0.135864 0.044537 0.091327 2.391245 R 
26 0.135864 0.056751 0.079113 2.071453 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
21 0.119962 0.070313 0.049650 2.746575 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.000489 42.79% 0.000324 1.511310 0.065 
Error 0.000654 57.21% 0.000207 3.162278 0.001 
Total 0.001144             
-2 Log likelihood = -113.668680 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 0.54 0.592 
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Model Summary 
S R-sq R-sq(adj) 
0.0255768 56.87% 53.99% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.058734 0.008019 10.00 7.324089 0.000 
AR 3                
  HL -0.000840 0.006297 20.00 -0.133444 0.895 
  HMT 0.006026 0.006297 20.00 0.957050 0.350 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
21 0.170464 0.064760 0.105704 3.278443 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
6 0.115972 0.072183 0.043789 2.047071 R 
10 0.043417 0.088606 -0.045189 -2.112528 R 
21 0.170464 0.095472 0.074992 3.505781 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.001257 58.15% 0.000703 1.786792 0.037 
Error 0.000904 41.85% 0.000286 3.162278 0.001 
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Total 0.002161             
-2 Log likelihood = -99.297009 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 0.38 0.690 
Model Summary 
S R-sq R-sq(adj) 
0.0300718 69.72% 67.70% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.063073 0.011901 10.00 5.299787 0.000 
AR 4                
  HL -0.006061 0.007403 20.00 -0.818644 0.423 
  HMT 0.004917 0.007403 20.00 0.664176 0.514 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
18 0.194847 0.067990 0.126857 2.862191 R 
29 0.168705 0.064217 0.104489 2.357500 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
6 0.126325 0.071287 0.055038 2.244900 R 
18 0.194847 0.143916 0.050931 2.077373 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
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AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.001083 49.73% 0.000658 1.646613 0.050 
Error 0.001095 50.27% 0.000346 3.162278 0.001 
Total 0.002177             
-2 Log likelihood = -96.213601 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 1.06 0.367 
Model Summary 
S R-sq R-sq(adj) 
0.0330833 63.55% 61.13% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.055822 0.011472 10.00 4.865927 0.001 
AR 5                
  HL -0.010107 0.008145 20.00 -1.240980 0.229 
  HMT 0.010385 0.008145 20.00 1.275034 0.217 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.194656 0.066207 0.128449 2.887098 R 
29 0.183900 0.055545 0.128355 2.884999 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.194656 0.112747 0.081908 2.997036 R 
29 0.183900 0.104946 0.078955 2.888960 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.013142 54.08% 0.008045 1.633622 0.051 
Error 0.011159 45.92% 0.003720 3.000000 0.001 
Total 0.024301             
-2 Log likelihood = -22.049144 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 1.01 0.385 
Model Summary 
S R-sq R-sq(adj) 
0.105634 67.14% 64.70% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.078862 0.041063 9.00 1.920509 0.087 
AR 6                
  HL 0.002512 0.027275 18.00 0.092106 0.928 
  HMT 0.032184 0.027275 18.00 1.179996 0.253 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.510769 0.081374 0.429396 2.903537 R 
15 0.736466 0.111046 0.625421 4.229044 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
15 0.736466 0.395497 0.340969 3.954726 R 
25 0.084223 0.328617 -0.244394 -2.834601 R 
R  Large residual 
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Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.009057 49.39% 0.005820 1.556207 0.060 
Error 0.009281 50.61% 0.003094 3.000000 0.001 
Total 0.018337             
-2 Log likelihood = -28.315291 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 1.19 0.328 
Model Summary 
S R-sq R-sq(adj) 
0.0963359 63.58% 60.89% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.081862 0.034857 9.00 2.348476 0.043 
AR 7                
  HL -0.012827 0.024874 18.00 -0.515663 0.612 
  HMT 0.037670 0.024874 18.00 1.514432 0.147 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.365136 0.069035 0.296101 2.304882 R 
15 0.701266 0.119532 0.581734 4.528285 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
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15 0.701266 0.349890 0.351375 4.434941 R 
25 0.106309 0.287378 -0.181068 -2.285381 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.014483 69.03% 0.007882 1.837594 0.033 
Error 0.006498 30.97% 0.002166 3.000000 0.001 
Total 0.020981             
-2 Log likelihood = -31.896834 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 1.32 0.293 
Model Summary 
S R-sq R-sq(adj) 
0.0806086 78.66% 77.07% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.179110 0.040803 9.00 4.389601 0.002 
AR 8                
  HL -0.017354 0.020813 18.00 -0.833782 0.415 
  HMT 0.033771 0.020813 18.00 1.622588 0.122 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
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5 0.487302 0.161756 0.325546 2.369077 R 
15 0.741988 0.212881 0.529107 3.850439 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
15 0.741988 0.490987 0.251001 3.895242 R 
25 0.267127 0.440798 -0.173671 -2.695173 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.009070 62.93% 0.005149 1.761272 0.039 
Error 0.005344 37.07% 0.001781 3.000000 0.001 
Total 0.014413             
-2 Log likelihood = -39.269963 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 18.00 2.25 0.134 
Model Summary 
S R-sq R-sq(adj) 
0.0730998 74.81% 72.95% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.156369 0.032941 9.00 4.747004 0.001 
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AR 9                
  HL -0.024350 0.018874 18.00 -1.290112 0.213 
  HMT 0.039692 0.018874 18.00 2.102950 0.050 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
15 0.656403 0.196060 0.460342 4.041848 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
15 0.656403 0.411518 0.244884 4.157576 R 
25 0.228476 0.356485 -0.128009 -2.173302 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.002040 45.74% 0.001452 1.405262 0.080 
Error 0.002421 54.26% 0.000856 2.828427 0.002 
Total 0.004461             
-2 Log likelihood = -57.583888 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 0.21 0.810 
Model Summary 
S R-sq R-sq(adj) 
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0.0492004 59.09% 55.68% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.066332 0.017786 8.00 3.729406 0.006 
AR 10                
  HL 0.007717 0.013391 16.00 0.576287 0.572 
  HMT -0.000303 0.013391 16.00 -0.022618 0.982 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
4 0.338980 0.074049 0.264930 4.207201 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
4 0.338980 0.167547 0.171432 4.236144 R 
R  Large residual 
 
LSCM 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.004357 58.82% 0.002424 1.796995 0.036 
Error 0.003050 41.18% 0.000964 3.162278 0.001 
Total 0.007406             
-2 Log likelihood = -62.603223 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 1.10 0.351 
Model Summary 
S R-sq R-sq(adj) 
0.0552254 70.83% 68.89% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.128258 0.022101 10.00 5.803160 0.000 
AR 1                
  HL -0.019359 0.013596 20.00 -1.423910 0.170 
  HMT 0.014659 0.013596 20.00 1.078215 0.294 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.356372 0.108900 0.247472 3.015906 R 
17 0.344430 0.142917 0.201513 2.455801 R 
23 0.313910 0.132958 0.180952 2.205229 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.356372 0.242367 0.114005 2.534542 R 
17 0.344430 0.193768 0.150662 3.349506 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
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Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.006629 82.52% 0.003349 1.979258 0.024 
Error 0.001404 17.48% 0.000468 3.000000 0.001 
Total 0.008033             
-2 Log likelihood = -67.147707 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 2.97 0.077 
Model Summary 
S R-sq R-sq(adj) 
0.0374722 88.41% 87.55% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.123773 0.026639 9.00 4.646224 0.001 
AR 2                
  HL -0.023576 0.009675 18.00 -2.436688 0.025 
  HMT 0.012132 0.009675 18.00 1.253968 0.226 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
21 0.320796 0.135216 0.185580 2.182623 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
25 0.295261 0.215824 0.079438 2.692757 R 
29 0.011934 0.075186 -0.063252 -2.144079 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
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Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.001533 32.54% 0.001207 1.270436 0.102 
Error 0.003179 67.46% 0.001005 3.162278 0.001 
Total 0.004712             
-2 Log likelihood = -69.062552 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.27 0.302 
Model Summary 
S R-sq R-sq(adj) 
0.0563787 48.77% 45.35% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.129347 0.015353 10.00 8.424586 0.000 
AR 3                
  HL -0.015112 0.013879 20.00 -1.088790 0.289 
  HMT 0.021552 0.013879 20.00 1.552781 0.136 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
21 0.384447 0.150898 0.233549 3.568359 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
21 0.384447 0.197992 0.186455 3.871093 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.004215 20.73% 0.004611 0.914030 0.180 
Error 0.016114 79.27% 0.005096 3.162278 0.001 
Total 0.020329             
-2 Log likelihood = -23.521832 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 1.09 0.355 
Model Summary 
S R-sq R-sq(adj) 
0.126942 36.04% 31.77% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.171324 0.029521 10.00 5.803470 0.000 
AR 4                
  HL -0.042753 0.031251 20.00 -1.368054 0.186 
  HMT 0.006333 0.031251 20.00 0.202652 0.841 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
23 0.697215 0.207744 0.489471 3.600507 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
23 0.697215 0.272118 0.425097 3.801832 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.006087 42.31% 0.004055 1.501172 0.067 
Error 0.008299 57.69% 0.002624 3.162278 0.001 
Total 0.014386             
-2 Log likelihood = -37.587726 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 0.82 0.455 
Model Summary 
S R-sq R-sq(adj) 
0.0911004 56.89% 54.02% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.164518 0.028370 10.00 5.798982 0.000 
AR 5                
  HL -0.017679 0.022427 20.00 -0.788257 0.440 
  HMT 0.028436 0.022427 20.00 1.267916 0.219 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.528715 0.192954 0.335760 2.935953 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.528715 0.296719 0.231995 3.042135 R 
28 0.080772 0.257526 -0.176754 -2.317761 R 
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R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.021257 54.64% 0.012943 1.642403 0.050 
Error 0.017645 45.36% 0.005882 3.000000 0.001 
Total 0.038903             
-2 Log likelihood = -9.516987 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 0.97 0.398 
Model Summary 
S R-sq R-sq(adj) 
0.132835 67.54% 65.14% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.139834 0.052095 9.00 2.684192 0.025 
AR 6                
  HL 0.008409 0.034298 18.00 0.245171 0.809 
  HMT 0.036541 0.034298 18.00 1.065411 0.301 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.757173 0.148243 0.608930 3.254288 R 
15 0.900735 0.176375 0.724360 3.871178 R 
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R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.757173 0.506545 0.250628 2.313654 R 
15 0.900735 0.534677 0.366058 3.379239 R 
25 0.133918 0.453186 -0.319268 -2.947303 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.017870 53.46% 0.011005 1.623784 0.052 
Error 0.015557 46.54% 0.005186 3.000000 0.001 
Total 0.033427             
-2 Log likelihood = -13.251593 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 0.75 0.488 
Model Summary 
S R-sq R-sq(adj) 
0.124728 66.35% 63.86% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.146416 0.048016 9.00 3.049293 0.014 
AR 7                
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  HL -0.022252 0.032205 18.00 -0.690940 0.498 
  HMT 0.039248 0.032205 18.00 1.218711 0.239 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.654332 0.124165 0.530167 3.056619 R 
15 0.855182 0.185665 0.669517 3.860025 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.654332 0.446868 0.207464 2.035915 R 
15 0.855182 0.508368 0.346814 3.403403 R 
25 0.178781 0.452123 -0.273342 -2.682400 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.036996 83.15% 0.018637 1.985089 0.024 
Error 0.007498 16.85% 0.002499 3.000000 0.001 
Total 0.044494             
-2 Log likelihood = -21.544820 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 1.98 0.168 
Model Summary 
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S R-sq R-sq(adj) 
0.0865919 88.69% 87.85% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.355935 0.062845 9.00 5.663699 0.000 
AR 8                
  HL -0.018978 0.022358 18.00 -0.848813 0.407 
  HMT 0.044290 0.022358 18.00 1.980951 0.063 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.747786 0.336957 0.410828 2.053004 R 
15 0.968375 0.400225 0.568150 2.839177 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
8 0.622405 0.481413 0.140992 2.069559 R 
15 0.968375 0.783269 0.185106 2.717090 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.026431 77.40% 0.013699 1.929394 0.027 
Error 0.007717 22.60% 0.002572 3.000000 0.001 
Total 0.034147             
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-2 Log likelihood = -23.807010 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 18.00 4.57 0.025 
Model Summary 
S R-sq R-sq(adj) 
0.0878441 85.38% 84.30% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.310168 0.053854 9.00 5.759410 0.000 
AR 9                
  HL -0.050613 0.022681 18.00 -2.231485 0.039 
  HMT 0.065379 0.022681 18.00 2.882519 0.010 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
15 0.917990 0.375547 0.542443 3.094252 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
15 0.917990 0.703026 0.214965 3.091410 R 
R  Large residual 
 
Comparisons for LDO 9 
Tukey Pairwise Comparisons: AR 9 
Grouping Information Using the Tukey Method and 95% Confidence 
AR 9 N Mean Grouping 
HMT 10 0.375547 A    
No 10 0.295402 A B 
HL 10 0.259555    B 
Means that do not share a letter are significantly different. 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
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Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.005849 30.86% 0.005337 1.096013 0.137 
Error 0.013103 69.14% 0.004633 2.828427 0.002 
Total 0.018952             
-2 Log likelihood = -20.341071 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 0.09 0.919 
Model Summary 
S R-sq R-sq(adj) 
0.114470 44.33% 39.69% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.164060 0.033693 8.00 4.869262 0.001 
AR 10                
  HL 0.007828 0.031155 16.00 0.251272 0.805 
  HMT 0.004913 0.031155 16.00 0.157703 0.877 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
4 0.689172 0.171888 0.517284 3.985404 R 
24 0.413403 0.151318 0.262085 2.019225 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
4 0.689172 0.301955 0.387218 3.988612 R 
24 0.413403 0.204569 0.208834 2.151135 R 
R  Large residual 
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LSPL 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.008378 59.89% 0.005524 1.516769 0.065 
Error 0.005612 40.11% 0.002121 2.645751 0.004 
Total 0.013990             
-2 Log likelihood = -28.902948 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 14.00 1.78 0.205 
Model Summary 
S R-sq R-sq(adj) 
0.0749132 72.67% 70.07% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.149557 0.035792 7.00 4.178474 0.004 
AR 1                
  HL 0.014643 0.021626 14.00 0.677114 0.509 
  HMT -0.040289 0.021626 14.00 -1.863041 0.084 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.453592 0.175203 0.278389 2.516172 R 
R  Large residual 
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Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
9 0.065495 0.207952 -0.142457 -2.383433 R 
17 0.453592 0.273888 0.179704 3.006606 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.001971 42.05% 0.001575 1.251239 0.105 
Error 0.002716 57.95% 0.001027 2.645751 0.004 
Total 0.004687             
-2 Log likelihood = -47.956151 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 14.00 1.22 0.326 
Model Summary 
S R-sq R-sq(adj) 
0.0521189 58.10% 54.10% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.095684 0.018961 7.00 5.046322 0.001 
AR 2                
  HL -0.007987 0.015045 14.00 -0.530853 0.604 
  HMT -0.015117 0.015045 14.00 -1.004762 0.332 
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Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
17 0.296035 0.118788 0.177247 2.767726 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
17 0.296035 0.145952 0.150082 3.504555 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.001414 89.81% 0.000785 1.802023 0.036 
Error 0.000160 10.19% 0.000061 2.645751 0.004 
Total 0.001574             
-2 Log likelihood = -92.271265 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 14.00 3.13 0.075 
Model Summary 
S R-sq R-sq(adj) 
0.0126683 93.28% 92.64% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.058119 0.013543 7.00 4.291451 0.004 
AR 3                
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  HL 0.006477 0.003657 14.00 1.771052 0.098 
  HMT 0.002359 0.003657 14.00 0.645168 0.529 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
11 0.097006 0.068265 0.028741 2.943735 R 
19 0.031710 0.057070 -0.025360 -2.597493 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.004046 89.64% 0.002247 1.800815 0.036 
Error 0.000468 10.36% 0.000177 2.645751 0.004 
Total 0.004514             
-2 Log likelihood = -69.933587 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 14.00 0.92 0.422 
Model Summary 
S R-sq R-sq(adj) 
0.0216245 93.03% 92.36% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.097105 0.022919 7.00 4.236865 0.004 
AR 4                
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  HL 0.006061 0.006242 14.00 0.970967 0.348 
  HMT -0.008136 0.006242 14.00 -1.303259 0.214 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
3 0.231980 0.103166 0.128814 2.049634 R 
19 0.242202 0.099179 0.143023 2.275723 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
17 0.132467 0.087206 0.045261 2.715371 R 
21 0.064775 0.100193 -0.035417 -2.124814 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 9 1, 3, 4, 6, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.002593 84.67% 0.001376 1.884678 0.030 
Error 0.000469 15.33% 0.000166 2.828427 0.002 
Total 0.003062             
-2 Log likelihood = -84.111111 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 16.00 0.51 0.612 
Model Summary 
S R-sq R-sq(adj) 
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0.0216640 89.56% 88.69% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.084326 0.017479 8.00 4.824531 0.001 
AR 5                
  HL -0.005803 0.005896 16.00 -0.984197 0.340 
  HMT 0.001831 0.005896 16.00 0.310586 0.760 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
23 0.193451 0.088298 0.105153 2.015436 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
5 0.102491 0.150930 -0.048440 -2.864143 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.007363 95.38% 0.004000 1.841014 0.033 
Error 0.000356 4.62% 0.000135 2.645751 0.004 
Total 0.007720             
-2 Log likelihood = -69.700546 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
178 
 
AR 6 2.00 14.00 2.05 0.165 
Model Summary 
S R-sq R-sq(adj) 
0.0188767 96.93% 96.63% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.125317 0.030582 7.00 4.097711 0.005 
AR 6                
  HL 0.009259 0.005449 14.00 1.699182 0.111 
  HMT -0.009834 0.005449 14.00 -1.804636 0.093 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
20 0.199653 0.157228 0.042425 2.931032 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.004151 89.55% 0.002306 1.800152 0.036 
Error 0.000484 10.45% 0.000183 2.645751 0.004 
Total 0.004635             
-2 Log likelihood = -69.259059 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 0.66 0.533 
179 
 
Model Summary 
S R-sq R-sq(adj) 
0.0220089 92.95% 92.28% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.108442 0.023218 7.00 4.670685 0.002 
AR 7                
  HL 0.001149 0.006353 14.00 0.180868 0.859 
  HMT -0.006813 0.006353 14.00 -1.072274 0.302 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
13 0.232501 0.101630 0.130871 2.054928 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
13 0.232501 0.184055 0.048446 2.855465 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.004830 78.38% 0.002824 1.710259 0.044 
Error 0.001332 21.62% 0.000504 2.645751 0.004 
Total 0.006163             
-2 Log likelihood = -53.683313 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 3.00 0.082 
Model Summary 
S R-sq R-sq(adj) 
0.0365027 85.85% 84.50% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.149247 0.025677 7.00 5.812537 0.001 
AR 8                
  HL 0.008068 0.010537 14.00 0.765620 0.457 
  HMT -0.025259 0.010537 14.00 -2.397119 0.031 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
15 0.106805 0.176609 -0.069804 -2.452690 R 
23 0.289089 0.219060 0.070029 2.460602 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.005028 87.21% 0.002821 1.782634 0.037 
Error 0.000738 12.79% 0.000279 2.645751 0.004 
Total 0.005766             
-2 Log likelihood = -61.961970 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 0.72 0.504 
Model Summary 
S R-sq R-sq(adj) 
0.0271600 91.35% 90.52% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.117428 0.025675 7.00 4.573550 0.003 
AR 9                
  HL 0.008800 0.007840 14.00 1.122446 0.281 
  HMT -0.007286 0.007840 14.00 -0.929252 0.369 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.327595 0.126228 0.201366 2.835049 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.327595 0.256155 0.071440 3.404454 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 7 3, 4, 6, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.002920 75.96% 0.001868 1.563219 0.059 
Error 0.000924 24.04% 0.000377 2.449490 0.007 
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Total 0.003844             
-2 Log likelihood = -52.549226 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 12.00 2.56 0.118 
Model Summary 
S R-sq R-sq(adj) 
0.0303972 84.29% 82.54% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.124494 0.021473 6.00 5.797627 0.001 
AR 10                
  HL 0.020346 0.009381 12.00 2.168863 0.051 
  HMT -0.015467 0.009381 12.00 -1.648754 0.125 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
6 0.259930 0.144839 0.115090 2.005109 R 
13 0.237455 0.109027 0.128428 2.237480 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
13 0.237455 0.188392 0.049063 2.086031 R 
20 0.139307 0.198979 -0.059672 -2.537100 R 
R  Large residual 
 
LSPL 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
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CF 1 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.062125 94.02% 0.033915 1.831772 0.033 
Error 0.003953 5.98% 0.001494 2.645751 0.004 
Total 0.066078             
-2 Log likelihood = -21.046907 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 14.00 0.09 0.917 
Model Summary 
S R-sq R-sq(adj) 
0.0628754 95.97% 95.59% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.349958 0.089052 7.00 3.929804 0.006 
AR 1                
  HL 0.005767 0.018151 14.00 0.317755 0.755 
  HMT 0.001357 0.018151 14.00 0.074753 0.941 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.856672 0.342834 0.513838 2.136945 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
3 0.348387 0.450881 -0.102494 -2.123313 R 
5 0.658008 0.557964 0.100045 2.072582 R 
21 0.444873 0.545072 -0.100199 -2.075786 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
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Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.049179 90.72% 0.027191 1.808626 0.035 
Error 0.005033 9.28% 0.001902 2.645751 0.004 
Total 0.054212             
-2 Log likelihood = -19.215341 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 14.00 0.78 0.478 
Model Summary 
S R-sq R-sq(adj) 
0.0709411 93.75% 93.16% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.250679 0.079731 7.00 3.144050 0.016 
AR 2                
  HL -0.020605 0.020479 14.00 -1.006174 0.331 
  HMT -0.002809 0.020479 14.00 -0.137161 0.893 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
9 0.751104 0.247870 0.503235 2.310578 R 
17 0.928667 0.274093 0.654574 3.005448 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
1 0.557399 0.708789 -0.151389 -2.771324 R 
17 0.928667 0.752808 0.175859 3.219259 R 
R  Large residual 
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Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.007188 75.24% 0.004274 1.681835 0.046 
Error 0.002365 24.76% 0.000894 2.645751 0.004 
Total 0.009553             
-2 Log likelihood = -42.755907 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 14.00 1.90 0.186 
Model Summary 
S R-sq R-sq(adj) 
0.0486302 83.42% 81.84% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.159622 0.031576 7.00 5.055161 0.001 
AR 3                
  HL 0.027155 0.014038 14.00 1.934324 0.074 
  HMT -0.010603 0.014038 14.00 -0.755317 0.463 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
1 0.337335 0.203857 0.133478 3.508085 R 
R  Large residual 
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Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 8 1, 3, 4, 6, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.012178 90.02% 0.006752 1.803571 0.036 
Error 0.001350 9.98% 0.000510 2.645751 0.004 
Total 0.013528             
-2 Log likelihood = -47.384955 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 14.00 1.05 0.377 
Model Summary 
S R-sq R-sq(adj) 
0.0367473 93.29% 92.65% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.213233 0.039730 7.00 5.366997 0.001 
AR 4                
  HL 0.014391 0.010608 14.00 1.356619 0.196 
  HMT -0.002552 0.010608 14.00 -0.240607 0.813 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
19 0.421820 0.201394 0.220426 2.025995 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 9 1, 3, 4, 6, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.008168 85.36% 0.004321 1.890467 0.029 
Error 0.001401 14.64% 0.000495 2.828427 0.002 
Total 0.009569             
-2 Log likelihood = -57.459462 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 16.00 1.94 0.176 
Model Summary 
S R-sq R-sq(adj) 
0.0374278 90.21% 89.39% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.197445 0.030975 8.00 6.374332 0.000 
AR 5                
  HL -0.017854 0.010187 16.00 -1.752723 0.099 
  HMT 0.016839 0.010187 16.00 1.653053 0.118 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
14 0.423517 0.214284 0.209233 2.268683 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
14 0.423517 0.363295 0.060222 2.062464 R 
R  Large residual 
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Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.015468 93.70% 0.008454 1.829602 0.034 
Error 0.001040 6.30% 0.000393 2.645751 0.004 
Total 0.016508             
-2 Log likelihood = -49.467199 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 14.00 1.47 0.264 
Model Summary 
S R-sq R-sq(adj) 
0.0322477 95.79% 95.39% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.217692 0.044461 7.00 4.896199 0.002 
AR 6                
  HL 0.014535 0.009309 14.00 1.561394 0.141 
  HMT -0.012970 0.009309 14.00 -1.393271 0.185 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
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Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.011660 90.97% 0.006440 1.810429 0.035 
Error 0.001158 9.03% 0.000438 2.645751 0.004 
Total 0.012817             
-2 Log likelihood = -49.870423 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 1.20 0.329 
Model Summary 
S R-sq R-sq(adj) 
0.0340252 93.94% 93.37% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.189103 0.038803 7.00 4.873362 0.002 
AR 7                
  HL 0.004001 0.009822 14.00 0.407309 0.690 
  HMT -0.014737 0.009822 14.00 -1.500420 0.156 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
13 0.360933 0.287560 0.073373 2.801096 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.011588 54.39% 0.008019 1.445003 0.074 
Error 0.009717 45.61% 0.003673 2.645751 0.004 
Total 0.021304             
-2 Log likelihood = -18.633013 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 1.71 0.217 
Model Summary 
S R-sq R-sq(adj) 
0.0985729 68.60% 65.61% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.277647 0.043050 7.00 6.449420 0.000 
AR 8                
  HL 0.029938 0.028456 14.00 1.052087 0.311 
  HMT -0.052424 0.028456 14.00 -1.842295 0.087 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
4 0.613569 0.307585 0.305984 2.241108 R 
23 0.578228 0.300133 0.278095 2.036837 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
4 0.613569 0.405504 0.208065 2.624059 R 
23 0.578228 0.381006 0.197221 2.487298 R 
R  Large residual 
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Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.008828 62.51% 0.005702 1.548403 0.061 
Error 0.005295 37.49% 0.002001 2.645751 0.004 
Total 0.014124             
-2 Log likelihood = -29.484509 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 0.81 0.463 
Model Summary 
S R-sq R-sq(adj) 
0.0727686 73.69% 71.18% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.210443 0.036389 7.00 5.783068 0.001 
AR 9                
  HL 0.024290 0.021006 14.00 1.156297 0.267 
  HMT -0.002322 0.021006 14.00 -0.110559 0.914 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.535242 0.234733 0.300510 2.703209 R 
10 0.455199 0.208120 0.247078 2.222570 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
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4 0.535242 0.374313 0.160929 2.781999 R 
10 0.455199 0.300891 0.154307 2.667525 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 7 3, 4, 6, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.007018 68.64% 0.004689 1.496644 0.067 
Error 0.003206 31.36% 0.001309 2.449490 0.007 
Total 0.010224             
-2 Log likelihood = -32.110612 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 12.00 0.18 0.838 
Model Summary 
S R-sq R-sq(adj) 
0.0566197 77.85% 75.39% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.262820 0.033988 6.00 7.732695 0.000 
AR 10                
  HL 0.010392 0.017473 12.00 0.594742 0.563 
  HMT -0.006208 0.017473 12.00 -0.355287 0.729 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
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13 0.499439 0.256612 0.242827 2.593997 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
13 0.499439 0.387170 0.112269 2.540485 R 
R  Large residual 
 
LTRAP 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.002106 64.98% 0.001117 1.884606 0.030 
Error 0.001135 35.02% 0.000359 3.162278 0.001 
Total 0.003241             
-2 Log likelihood = -90.083262 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 3.10 0.067 
Model Summary 
S R-sq R-sq(adj) 
0.0336923 76.57% 75.01% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.073870 0.015029 10.00 4.915316 0.001 
AR 1                
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  HL 0.020379 0.008294 20.00 2.456967 0.023 
  HMT -0.007214 0.008294 20.00 -0.869788 0.395 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.211197 0.094249 0.116948 2.154450 R 
7 0.258789 0.094249 0.164540 3.031201 R 
18 0.188180 0.066656 0.121524 2.238748 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.211197 0.143944 0.067253 2.471651 R 
7 0.258789 0.181627 0.077162 2.835810 R 
29 0.083873 0.148083 -0.064210 -2.359814 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.006540 86.82% 0.003241 2.017944 0.022 
Error 0.000993 13.18% 0.000331 3.000000 0.001 
Total 0.007534             
-2 Log likelihood = -73.670084 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 1.00 0.386 
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Model Summary 
S R-sq R-sq(adj) 
0.0315154 91.09% 90.43% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.109538 0.026214 9.00 4.178670 0.002 
AR 2                
  HL -0.002944 0.008137 18.00 -0.361778 0.722 
  HMT -0.008187 0.008137 18.00 -1.006097 0.328 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
6 0.285440 0.106594 0.178846 2.171964 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
4 0.076732 0.136842 -0.060110 -2.433198 R 
6 0.285440 0.224211 0.061229 2.478514 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.012276 89.14% 0.005715 2.148017 0.016 
Error 0.001495 10.86% 0.000473 3.162278 0.001 
Total 0.013771             
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-2 Log likelihood = -68.201798 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.31 0.293 
Model Summary 
S R-sq R-sq(adj) 
0.0386659 92.69% 92.20% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.095141 0.034078 10.00 2.791887 0.019 
AR 3                
  HL -0.007862 0.009519 20.00 -0.825928 0.419 
  HMT -0.007532 0.009519 20.00 -0.791290 0.438 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
8 0.407872 0.087279 0.320593 2.865289 R 
19 0.332376 0.087609 0.244767 2.187595 R 
30 0.532508 0.110535 0.421973 3.771369 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
15 0.120658 0.050498 0.070159 2.308360 R 
19 0.332376 0.403881 -0.071505 -2.352632 R 
30 0.532508 0.426807 0.105701 3.477759 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
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CF 4 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.012608 92.17% 0.006113 2.062475 0.020 
Error 0.001072 7.83% 0.000357 3.000000 0.001 
Total 0.013679             
-2 Log likelihood = -66.586559 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 18.00 1.35 0.283 
Model Summary 
S R-sq R-sq(adj) 
0.0327377 94.75% 94.36% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.101874 0.036007 9.00 2.829306 0.020 
AR 4                
  HL -0.013214 0.008453 18.00 -1.563289 0.135 
  HMT 0.002854 0.008453 18.00 0.337613 0.740 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
16 0.376115 0.104728 0.271386 2.445868 R 
26 0.425281 0.112235 0.313046 2.821326 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
26 0.425281 0.368393 0.056888 2.228059 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.003129 72.57% 0.001581 1.979724 0.024 
Error 0.001183 27.43% 0.000374 3.162278 0.001 
Total 0.004312             
-2 Log likelihood = -85.769260 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 0.75 0.486 
Model Summary 
S R-sq R-sq(adj) 
0.0343895 80.95% 79.68% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.098909 0.017898 10.00 5.526279 0.000 
AR 5                
  HL -0.008787 0.008466 20.00 -1.037860 0.312 
  HMT 0.009146 0.008466 20.00 1.080327 0.293 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
8 0.272068 0.090122 0.181946 2.905980 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
8 0.272068 0.183108 0.088960 3.233650 R 
19 0.143635 0.201041 -0.057406 -2.086664 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.009180 77.17% 0.004764 1.927069 0.027 
Error 0.002715 22.83% 0.000905 3.000000 0.001 
Total 0.011895             
-2 Log likelihood = -52.114467 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 0.88 0.433 
Model Summary 
S R-sq R-sq(adj) 
0.0521083 84.33% 83.17% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.125772 0.031757 9.00 3.960413 0.003 
AR 6                
  HL -0.006142 0.013454 18.00 -0.456543 0.653 
  HMT 0.017558 0.013454 18.00 1.305024 0.208 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.051409 0.148967 -0.097558 -2.364549 R 
15 0.338444 0.172668 0.165777 4.018000 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.005703 37.42% 0.004319 1.320484 0.093 
Error 0.009536 62.58% 0.003179 3.000000 0.001 
Total 0.015239             
-2 Log likelihood = -30.647552 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 1.17 0.333 
Model Summary 
S R-sq R-sq(adj) 
0.0976516 53.35% 49.89% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.117223 0.029802 9.00 3.933416 0.003 
AR 7                
  HL -0.030114 0.025214 18.00 -1.194362 0.248 
  HMT 0.035909 0.025214 18.00 1.424201 0.171 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
15 0.595797 0.153132 0.442665 3.779906 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
15 0.595797 0.238722 0.357075 4.347683 R 
R  Large residual 
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Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.017852 75.97% 0.009324 1.914637 0.028 
Error 0.005647 24.03% 0.001882 3.000000 0.001 
Total 0.023499             
-2 Log likelihood = -32.892750 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 1.18 0.330 
Model Summary 
S R-sq R-sq(adj) 
0.0751461 83.56% 82.34% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.260113 0.044424 9.00 5.855274 0.000 
AR 8                
  HL -0.024111 0.019403 18.00 -1.242674 0.230 
  HMT 0.027228 0.019403 18.00 1.403315 0.178 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
15 0.695861 0.287341 0.408520 2.809081 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
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Obs LUP 8 Fit Resid Std Resid  
15 0.695861 0.458410 0.237451 3.985435 R 
25 0.297439 0.428065 -0.130626 -2.192454 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.006150 71.54% 0.003495 1.759767 0.039 
Error 0.002447 28.46% 0.000865 2.828427 0.002 
Total 0.008598             
-2 Log likelihood = -50.251127 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 0.43 0.656 
Model Summary 
S R-sq R-sq(adj) 
0.0494701 80.12% 78.46% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.160093 0.027821 8.00 5.754397 0.000 
AR 9                
  HL -0.010521 0.013464 16.00 -0.781414 0.446 
  HMT -0.000646 0.013464 16.00 -0.047990 0.962 
Marginal Fits and Diagnostics for Unusual Observations 
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Obs LDO 9 Fit Resid Std Resid  
24 0.371018 0.171260 0.199757 2.285017 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
1 0.279235 0.200140 0.079095 2.018694 R 
14 0.323732 0.230222 0.093509 2.386587 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.008019 79.58% 0.004359 1.839557 0.033 
Error 0.002058 20.42% 0.000728 2.828427 0.002 
Total 0.010077             
-2 Log likelihood = -51.242925 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 1.00 0.391 
Model Summary 
S R-sq R-sq(adj) 
0.0453618 86.09% 84.93% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.116138 0.031100 8.00 3.734359 0.006 
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AR 10                
  HL -0.009243 0.012346 16.00 -0.748681 0.465 
  HMT -0.008165 0.012346 16.00 -0.661314 0.518 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
23 0.345175 0.133546 0.211629 2.236117 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
5 0.108533 0.215260 -0.106727 -2.997886 R 
23 0.345175 0.241911 0.103264 2.900623 R 
R  Large residual 
 
LTRAP 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.016573 70.04% 0.008502 1.949433 0.026 
Error 0.007090 29.96% 0.002242 3.162278 0.001 
Total 0.023663             
-2 Log likelihood = -33.135547 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 0.15 0.864 
Model Summary 
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S R-sq R-sq(adj) 
0.0842005 78.84% 77.43% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.224022 0.041491 10.00 5.399307 0.000 
AR 1                
  HL 0.009744 0.020729 20.00 0.470088 0.643 
  HMT 0.000026 0.020729 20.00 0.001250 0.999 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.550652 0.233766 0.316886 2.160560 R 
7 0.555595 0.233766 0.321829 2.194260 R 
18 0.549039 0.224048 0.324992 2.215825 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
1 0.550652 0.342002 0.208651 3.088182 R 
6 0.117201 0.265794 -0.148593 -2.199284 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.022312 93.20% 0.010775 2.070645 0.019 
Error 0.001628 6.80% 0.000543 3.000000 0.001 
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Total 0.023941             
-2 Log likelihood = -53.954140 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 1.37 0.278 
Model Summary 
S R-sq R-sq(adj) 
0.0403544 95.44% 95.11% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.197011 0.047807 9.00 4.120974 0.003 
AR 2                
  HL -0.015524 0.010419 18.00 -1.489894 0.154 
  HMT 0.001195 0.010419 18.00 0.114702 0.910 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
26 0.536679 0.211339 0.325339 2.216400 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
4 0.191781 0.258338 -0.066557 -2.116713 R 
14 0.346273 0.275057 0.071216 2.264908 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
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Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.027043 86.99% 0.012704 2.128716 0.017 
Error 0.004043 13.01% 0.001279 3.162278 0.001 
Total 0.031086             
-2 Log likelihood = -40.317410 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 0.73 0.495 
Model Summary 
S R-sq R-sq(adj) 
0.0635873 91.18% 90.59% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.195110 0.050803 10.00 3.840534 0.003 
AR 3                
  HL -0.011643 0.015654 20.00 -0.743777 0.466 
  HMT -0.007060 0.015654 20.00 -0.450995 0.657 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
8 0.554174 0.183467 0.370707 2.205188 R 
30 0.687745 0.213814 0.473931 2.819228 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.486854 0.385252 0.101602 2.028518 R 
18 0.255879 0.389835 -0.133956 -2.674490 R 
30 0.687745 0.577249 0.110496 2.206089 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
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DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.056685 91.89% 0.027514 2.060240 0.020 
Error 0.005006 8.11% 0.001669 3.000000 0.001 
Total 0.061691             
-2 Log likelihood = -25.304363 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 18.00 0.94 0.410 
Model Summary 
S R-sq R-sq(adj) 
0.0707524 94.54% 94.14% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.245169 0.076390 9.00 3.209444 0.011 
AR 4                
  HL -0.009084 0.018268 18.00 -0.497264 0.625 
  HMT -0.015646 0.018268 18.00 -0.856440 0.403 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
6 0.763166 0.236085 0.527081 2.236891 R 
7 0.740615 0.236085 0.504530 2.141185 R 
16 0.744066 0.229523 0.514543 2.183679 R 
26 0.792574 0.269898 0.522675 2.218193 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
1 0.064914 0.186173 -0.121259 -2.196921 R 
7 0.740615 0.575650 0.164965 2.988769 R 
R  Large residual 
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Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.018976 60.62% 0.010405 1.823674 0.034 
Error 0.012327 39.38% 0.003898 3.162278 0.001 
Total 0.031303             
-2 Log likelihood = -20.091462 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 1.08 0.358 
Model Summary 
S R-sq R-sq(adj) 
0.111027 72.20% 70.35% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.226758 0.045811 10.00 4.949856 0.001 
AR 5                
  HL -0.022230 0.027333 20.00 -0.813309 0.426 
  HMT 0.040126 0.027333 20.00 1.468026 0.158 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
11 0.583446 0.204528 0.378918 2.246196 R 
29 0.561599 0.208863 0.352736 2.090990 R 
R  Large residual 
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Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
11 0.583446 0.401207 0.182239 2.020414 R 
17 0.535819 0.283899 0.251920 2.792941 R 
33 0.221408 0.405542 -0.184134 -2.041427 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.018361 72.14% 0.009801 1.873359 0.031 
Error 0.007089 27.86% 0.002363 3.000000 0.001 
Total 0.025449             
-2 Log likelihood = -28.359121 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 18.00 0.96 0.402 
Model Summary 
S R-sq R-sq(adj) 
0.0841959 80.75% 79.33% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.202274 0.045523 9.00 4.443337 0.002 
AR 6                
  HL -0.013222 0.021739 18.00 -0.608205 0.551 
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  HMT 0.030018 0.021739 18.00 1.380797 0.184 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
15 0.565563 0.232292 0.333271 2.202102 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.091802 0.245460 -0.153657 -2.291640 R 
15 0.565563 0.288699 0.276864 4.129147 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.016684 57.52% 0.009896 1.685942 0.046 
Error 0.012320 42.48% 0.004107 3.000000 0.001 
Total 0.029004             
-2 Log likelihood = -18.381318 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 18.00 1.22 0.318 
Model Summary 
S R-sq R-sq(adj) 
0.110996 70.04% 67.82% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
212 
 
Constant 0.180832 0.045597 9.00 3.965873 0.003 
AR 7                
  HL -0.041624 0.028659 18.00 -1.452398 0.164 
  HMT 0.035093 0.028659 18.00 1.224504 0.237 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
15 0.767773 0.215925 0.551848 3.415597 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.093944 0.323780 -0.229836 -2.550243 R 
15 0.767773 0.400498 0.367276 4.075273 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.050217 88.93% 0.024664 2.036039 0.021 
Error 0.006248 11.07% 0.002083 3.000000 0.001 
Total 0.056465             
-2 Log likelihood = -22.300400 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 18.00 0.11 0.900 
Model Summary 
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S R-sq R-sq(adj) 
0.0790446 92.48% 91.93% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.501644 0.072319 9.00 6.936570 0.000 
AR 8                
  HL 0.007940 0.020409 18.00 0.389039 0.702 
  HMT 0.000417 0.020409 18.00 0.020455 0.984 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
15 0.926867 0.708544 0.218322 3.530768 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.020382 82.34% 0.010932 1.864462 0.031 
Error 0.004372 17.66% 0.001546 2.828427 0.002 
Total 0.024754             
-2 Log likelihood = -31.825965 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 0.20 0.823 
Model Summary 
S R-sq R-sq(adj) 
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0.0661215 87.87% 86.86% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.347002 0.049260 8.00 7.044277 0.000 
AR 9                
  HL 0.002081 0.017996 16.00 0.115633 0.909 
  HMT -0.010648 0.017996 16.00 -0.591686 0.562 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
13 0.413157 0.301657 0.111500 2.154899 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.022399 88.66% 0.011682 1.917433 0.028 
Error 0.002864 11.34% 0.001013 2.828427 0.002 
Total 0.025264             
-2 Log likelihood = -38.055586 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 1.64 0.224 
Model Summary 
S R-sq R-sq(adj) 
0.0535197 92.40% 91.77% 
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Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.227184 0.050940 8.00 4.459828 0.002 
AR 10                
  HL -0.011665 0.014566 16.00 -0.800818 0.435 
  HMT -0.014697 0.014566 16.00 -1.008984 0.328 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
5 0.280845 0.402804 -0.121959 -2.930416 R 
R  Large residual 
 
RSMP 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.014240 94.02% 0.006504 2.189437 0.014 
Error 0.000905 5.98% 0.000286 3.162278 0.001 
Total 0.015146             
-2 Log likelihood = -76.941042 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 2.60 0.099 
Model Summary 
S R-sq R-sq(adj) 
0.0300864 96.02% 95.75% 
Coefficients 
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Term Coef SE Coef DF T-Value P-Value 
Constant 0.170814 0.036359 10.00 4.697925 0.001 
AR 1                
  HL 0.007925 0.007407 20.00 1.069947 0.297 
  HMT -0.016888 0.007407 20.00 -2.280142 0.034 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
5 0.434881 0.178739 0.256143 2.182910 R 
16 0.467592 0.153925 0.313667 2.673147 R 
27 0.511924 0.179777 0.332147 2.830638 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
9 0.273370 0.207310 0.066059 2.805859 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.000975 59.75% 0.000539 1.810940 0.035 
Error 0.000657 40.25% 0.000208 3.162278 0.001 
Total 0.001632             
-2 Log likelihood = -108.346945 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
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AR 2 2.00 20.00 1.29 0.296 
Model Summary 
S R-sq R-sq(adj) 
0.0256306 71.69% 69.81% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.083855 0.010420 10.00 8.047537 0.000 
AR 2                
  HL 0.006410 0.006310 20.00 1.015900 0.322 
  HMT -0.010019 0.006310 20.00 -1.587838 0.128 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
16 0.208056 0.073836 0.134219 3.484277 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
16 0.208056 0.134140 0.073916 3.545454 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.004725 95.38% 0.002147 2.200427 0.014 
Error 0.000229 4.62% 0.000072 3.162278 0.001 
Total 0.004954             
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-2 Log likelihood = -115.538052 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.11 0.350 
Model Summary 
S R-sq R-sq(adj) 
0.0151226 96.91% 96.70% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.110105 0.020892 10.00 5.270158 0.000 
AR 3                
  HL 0.003351 0.003723 20.00 0.900132 0.379 
  HMT -0.005495 0.003723 20.00 -1.476087 0.155 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
1 0.015059 0.047354 -0.032295 -2.732321 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.015127 84.07% 0.007199 2.101400 0.018 
Error 0.002866 15.93% 0.000906 3.162278 0.001 
Total 0.017993             
-2 Log likelihood = -52.884963 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 0.98 0.391 
Model Summary 
S R-sq R-sq(adj) 
0.0535331 89.18% 88.46% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.174904 0.038237 10.00 4.574227 0.001 
AR 4                
  HL 0.010915 0.013179 20.00 0.828214 0.417 
  HMT -0.018373 0.013179 20.00 -1.394103 0.179 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
5 0.446933 0.185819 0.261113 2.041599 R 
16 0.509772 0.156532 0.353241 2.761928 R 
27 0.443059 0.182362 0.260697 2.038343 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.434746 0.280552 0.154194 3.646131 R 
18 0.148449 0.251264 -0.102815 -2.431197 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 10 1, 2, 3, 4, 6, 7, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
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Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.003910 81.37% 0.001987 1.968411 0.025 
Error 0.000895 18.63% 0.000298 3.000000 0.001 
Total 0.004806             
-2 Log likelihood = -79.948227 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 18.00 0.38 0.687 
Model Summary 
S R-sq R-sq(adj) 
0.0299234 87.21% 86.26% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.118616 0.020515 9.00 5.781845 0.000 
AR 5                
  HL -0.000018 0.007726 18.00 -0.002305 0.998 
  HMT -0.005847 0.007726 18.00 -0.756731 0.459 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
15 0.276491 0.112769 0.163721 2.489464 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
5 0.156407 0.211692 -0.055286 -2.344010 R 
15 0.276491 0.205863 0.070627 2.994466 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
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Factor Type Levels Values 
SUP 6 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.002449 75.54% 0.001454 1.684552 0.046 
Error 0.000793 24.46% 0.000300 2.645751 0.004 
Total 0.003243             
-2 Log likelihood = -65.595103 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 14.00 0.20 0.820 
Model Summary 
S R-sq R-sq(adj) 
0.0281652 82.98% 81.36% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.141264 0.018418 7.00 7.669727 0.000 
AR 6                
  HL -0.002607 0.008131 14.00 -0.320692 0.753 
  HMT -0.002556 0.008131 14.00 -0.314397 0.758 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
20 0.266401 0.146427 0.119973 2.252297 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.172736 0.128081 0.044655 2.027056 R 
20 0.266401 0.209488 0.056913 2.583529 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
222 
 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.000849 24.72% 0.000971 0.874593 0.191 
Error 0.002587 75.28% 0.000978 2.645751 0.004 
Total 0.003436             
-2 Log likelihood = -52.275428 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 0.36 0.703 
Model Summary 
S R-sq R-sq(adj) 
0.0508578 38.76% 32.93% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.123317 0.014627 7.00 8.430864 0.000 
AR 7                
  HL 0.005080 0.014681 14.00 0.346046 0.734 
  HMT -0.012423 0.014681 14.00 -0.846161 0.412 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
20 0.256498 0.130659 0.125839 2.295051 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
20 0.256498 0.146924 0.109574 2.521226 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.011460 81.83% 0.006587 1.739823 0.041 
Error 0.002545 18.17% 0.000962 2.645751 0.004 
Total 0.014005             
-2 Log likelihood = -38.692486 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 0.15 0.863 
Model Summary 
S R-sq R-sq(adj) 
0.0504470 87.50% 86.31% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.249915 0.039224 7.00 6.371467 0.000 
AR 8                
  HL -0.001722 0.014563 14.00 -0.118274 0.908 
  HMT -0.005856 0.014563 14.00 -0.402110 0.694 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
4 0.232318 0.323222 -0.090904 -2.319692 R 
20 0.456850 0.332522 0.124328 3.172612 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 7 2, 4, 6, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.008365 91.70% 0.004977 1.680995 0.046 
Error 0.000757 8.30% 0.000309 2.449490 0.007 
Total 0.009122             
-2 Log likelihood = -49.053566 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 12.00 0.58 0.575 
Model Summary 
S R-sq R-sq(adj) 
0.0275083 94.42% 93.80% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.207743 0.035087 6.00 5.920788 0.001 
AR 9                
  HL -0.000173 0.008489 12.00 -0.020355 0.984 
  HMT 0.007996 0.008489 12.00 0.941903 0.365 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
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Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 2, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.002492 68.86% 0.001539 1.618790 0.053 
Error 0.001127 31.14% 0.000426 2.645751 0.004 
Total 0.003619             
-2 Log likelihood = -60.293622 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 1.40 0.279 
Model Summary 
S R-sq R-sq(adj) 
0.0335712 78.76% 76.74% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.148961 0.018932 7.00 7.868168 0.000 
AR 10                
  HL 0.003299 0.009691 14.00 0.340384 0.739 
  HMT -0.015404 0.009691 14.00 -1.589494 0.134 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
23 0.046740 0.161067 -0.114327 -2.031725 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
6 0.260791 0.185308 0.075482 2.851945 R 
R  Large residual 
 
RSMP 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.057584 77.24% 0.028338 2.032067 0.021 
Error 0.016964 22.76% 0.005364 3.162278 0.001 
Total 0.074548             
-2 Log likelihood = -3.628277 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 1.16 0.334 
Model Summary 
S R-sq R-sq(adj) 
0.130246 84.43% 83.39% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.378463 0.075822 10.00 4.991461 0.001 
AR 1                
  HL -0.009356 0.032064 20.00 -0.291779 0.773 
  HMT -0.036807 0.032064 20.00 -1.147901 0.265 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
28 0.988864 0.424625 0.564238 2.167405 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.212053 0.474419 -0.262367 -2.531568 R 
28 0.988864 0.557388 0.431475 4.163288 R 
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R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.003016 59.08% 0.001675 1.800827 0.036 
Error 0.002090 40.92% 0.000661 3.162278 0.001 
Total 0.005106             
-2 Log likelihood = -73.861847 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 20.00 3.10 0.067 
Model Summary 
S R-sq R-sq(adj) 
0.0457118 72.48% 70.65% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.161962 0.018372 10.00 8.815509 0.000 
AR 2                
  HL 0.015358 0.011253 20.00 1.364700 0.188 
  HMT -0.027971 0.011253 20.00 -2.485587 0.022 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
16 0.271756 0.133990 0.137766 2.022076 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
228 
 
Obs CF 2 Fit Resid Std Resid  
28 0.258709 0.169907 0.088802 2.385993 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.012943 61.28% 0.007060 1.833206 0.033 
Error 0.008178 38.72% 0.002586 3.162278 0.001 
Total 0.021121             
-2 Log likelihood = -32.173115 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 2.94 0.076 
Model Summary 
S R-sq R-sq(adj) 
0.0904338 73.92% 72.18% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.248307 0.037741 10.00 6.579170 0.000 
AR 3                
  HL 0.048153 0.022263 20.00 2.162910 0.043 
  HMT -0.045170 0.022263 20.00 -2.028896 0.056 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
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7 0.677489 0.296461 0.381028 2.749781 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.677489 0.417878 0.259610 3.536877 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.035915 79.17% 0.017499 2.052399 0.020 
Error 0.009452 20.83% 0.002989 3.162278 0.001 
Total 0.045366             
-2 Log likelihood = -20.143471 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 1.38 0.275 
Model Summary 
S R-sq R-sq(adj) 
0.0972191 85.82% 84.88% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.328682 0.059593 10.00 5.515407 0.000 
AR 4                
  HL 0.028670 0.023934 20.00 1.197878 0.245 
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  HMT -0.038163 0.023934 20.00 -1.594536 0.126 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.816585 0.357351 0.459234 2.261333 R 
16 0.721964 0.290518 0.431445 2.124500 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.816585 0.553855 0.262730 3.403422 R 
18 0.320260 0.487022 -0.166762 -2.160244 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 10 1, 2, 3, 4, 6, 7, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.032067 70.67% 0.017271 1.856687 0.032 
Error 0.013308 29.33% 0.004436 3.000000 0.001 
Total 0.045375             
-2 Log likelihood = -11.927347 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 18.00 0.83 0.452 
Model Summary 
S R-sq R-sq(adj) 
0.115360 79.63% 78.12% 
Coefficients 
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Term Coef SE Coef DF T-Value P-Value 
Constant 0.308719 0.060417 9.00 5.109772 0.001 
AR 5                
  HL -0.027276 0.029786 18.00 -0.915745 0.372 
  HMT -0.009755 0.029786 18.00 -0.327521 0.747 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.705494 0.298964 0.406530 2.011708 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
2 0.464425 0.223815 0.240610 2.614418 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.007380 84.80% 0.004184 1.763919 0.039 
Error 0.001323 15.20% 0.000500 2.645751 0.004 
Total 0.008704             
-2 Log likelihood = -51.021423 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 14.00 0.18 0.834 
Model Summary 
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S R-sq R-sq(adj) 
0.0363775 89.61% 88.62% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.228959 0.031268 7.00 7.322447 0.000 
AR 6                
  HL -0.004166 0.010501 14.00 -0.396712 0.698 
  HMT -0.002081 0.010501 14.00 -0.198168 0.846 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
6 0.270854 0.211247 0.059607 2.115754 R 
20 0.406877 0.343883 0.062994 2.236005 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.001579 11.94% 0.003268 0.483235 0.314 
Error 0.011649 88.06% 0.004403 2.645751 0.004 
Total 0.013228             
-2 Log likelihood = -23.083144 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 0.29 0.750 
Model Summary 
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S R-sq R-sq(adj) 
0.107932 22.33% 14.94% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.215918 0.026130 7.00 8.263218 0.000 
AR 7                
  HL 0.011898 0.031157 14.00 0.381856 0.708 
  HMT -0.023860 0.031157 14.00 -0.765779 0.457 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
1 0.480987 0.227816 0.253171 2.353185 R 
20 0.461686 0.227880 0.233806 2.173186 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
1 0.480987 0.227513 0.253474 2.641088 R 
20 0.461686 0.255745 0.205940 2.145809 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 2, 4, 6, 7, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.024405 65.07% 0.015467 1.577864 0.057 
Error 0.013098 34.93% 0.004951 2.645751 0.004 
Total 0.037503             
234 
 
-2 Log likelihood = -9.811457 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 0.38 0.693 
Model Summary 
S R-sq R-sq(adj) 
0.114447 75.26% 72.90% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.410093 0.059969 7.00 6.838373 0.000 
AR 8                
  HL -0.015923 0.033038 14.00 -0.481972 0.637 
  HMT -0.012683 0.033038 14.00 -0.383898 0.707 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
20 0.883575 0.438700 0.444875 2.455854 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
4 0.341936 0.529744 -0.187808 -2.071422 R 
20 0.883575 0.574274 0.309302 3.411430 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 7 2, 4, 6, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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LDO 9 SUB 0.025773 83.52% 0.015874 1.623644 0.052 
Error 0.005084 16.48% 0.002076 2.449490 0.007 
Total 0.030857             
-2 Log likelihood = -19.239666 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 12.00 0.64 0.546 
Model Summary 
S R-sq R-sq(adj) 
0.0713028 88.81% 87.56% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.349775 0.062642 6.00 5.583730 0.001 
AR 9                
  HL -0.008061 0.022005 12.00 -0.366354 0.720 
  HMT 0.024388 0.022005 12.00 1.108324 0.289 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
2 0.352103 0.482456 -0.130353 -2.381972 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 2, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.014278 79.22% 0.008312 1.717647 0.043 
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Error 0.003745 20.78% 0.001415 2.645751 0.004 
Total 0.018023             
-2 Log likelihood = -31.659055 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 1.06 0.374 
Model Summary 
S R-sq R-sq(adj) 
0.0611942 85.89% 84.54% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.295232 0.044054 7.00 6.701590 0.000 
AR 10                
  HL -0.001938 0.017665 14.00 -0.109712 0.914 
  HMT -0.021202 0.017665 14.00 -1.200229 0.250 
 
RSCM 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.023008 99.31% 0.011530 1.995377 0.023 
Error 0.000160 0.69% 0.000057 2.828427 0.002 
Total 0.023168             
-2 Log likelihood = -84.331780 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 1 2.00 16.00 0.88 0.435 
Model Summary 
S R-sq R-sq(adj) 
0.0126427 99.54% 99.50% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.088866 0.050619 8.00 1.755563 0.117 
AR 1                
  HL -0.004031 0.003441 16.00 -1.171608 0.259 
  HMT 0.000174 0.003441 16.00 0.050520 0.960 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
4 0.465260 0.084834 0.380425 2.650976 R 
13 0.501908 0.089040 0.412869 2.877058 R 
22 0.506127 0.092723 0.413404 2.880785 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
4 0.465260 0.486138 -0.020878 -2.143997 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 9 1, 2, 3, 4, 6, 8, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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CF 2 SUB 0.001046 85.18% 0.000554 1.888986 0.029 
Error 0.000182 14.82% 0.000064 2.828427 0.002 
Total 0.001228             
-2 Log likelihood = -106.554549 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 16.00 0.30 0.745 
Model Summary 
S R-sq R-sq(adj) 
0.0134882 89.89% 89.05% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.041672 0.011089 8.00 3.757959 0.006 
AR 2                
  HL 0.002787 0.003671 16.00 0.759186 0.459 
  HMT -0.000920 0.003671 16.00 -0.250721 0.805 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
5 0.154139 0.044459 0.109681 3.319826 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
5 0.154139 0.115790 0.038349 3.643789 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
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AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.002518 76.56% 0.001391 1.810903 0.035 
Error 0.000771 23.44% 0.000273 2.828427 0.002 
Total 0.003290             
-2 Log likelihood = -76.091755 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 16.00 0.86 0.443 
Model Summary 
S R-sq R-sq(adj) 
0.0277687 83.92% 82.58% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.054469 0.017561 8.00 3.101727 0.015 
AR 3                
  HL 0.009853 0.007558 16.00 1.303645 0.211 
  HMT -0.004147 0.007558 16.00 -0.548733 0.591 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
4 0.275423 0.064322 0.211102 3.903927 R 
13 0.159676 0.050322 0.109354 2.022299 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
4 0.275423 0.187059 0.088364 4.041229 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
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DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.006409 80.23% 0.003473 1.845497 0.032 
Error 0.001580 19.77% 0.000559 2.828427 0.002 
Total 0.007989             
-2 Log likelihood = -57.288922 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 16.00 0.96 0.404 
Model Summary 
S R-sq R-sq(adj) 
0.0397465 86.53% 85.41% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.069282 0.027761 8.00 2.495673 0.037 
AR 4                
  HL -0.005035 0.010818 16.00 -0.465402 0.648 
  HMT 0.014748 0.010818 16.00 1.363365 0.192 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
4 0.272787 0.064247 0.208540 2.474659 R 
13 0.408572 0.084030 0.324542 3.851216 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
13 0.408572 0.287597 0.120976 3.880885 R 
22 0.187361 0.263134 -0.075774 -2.430807 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 8 1, 3, 4, 7, 8, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.000207 43.45% 0.000162 1.275920 0.101 
Error 0.000270 56.55% 0.000102 2.645751 0.004 
Total 0.000477             
-2 Log likelihood = -96.182153 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 14.00 0.52 0.607 
Model Summary 
S R-sq R-sq(adj) 
0.0164228 57.77% 53.75% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.040953 0.006094 7.00 6.719608 0.000 
AR 5                
  HL -0.003069 0.004741 14.00 -0.647267 0.528 
  HMT 0.004753 0.004741 14.00 1.002655 0.333 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
12 0.098783 0.045706 0.053077 2.598140 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
12 0.098783 0.058531 0.040251 2.990769 R 
R  Large residual 
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Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.001003 46.89% 0.000752 1.333219 0.091 
Error 0.001136 53.11% 0.000429 2.645751 0.004 
Total 0.002139             
-2 Log likelihood = -65.291526 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 14.00 1.64 0.229 
Model Summary 
S R-sq R-sq(adj) 
0.0337069 62.83% 59.29% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.048017 0.013142 7.00 3.653717 0.008 
AR 6                
  HL -0.012611 0.009730 14.00 -1.296013 0.216 
  HMT 0.016979 0.009730 14.00 1.744913 0.103 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
12 0.223287 0.064995 0.158291 3.658793 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
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Obs SUP 6 Fit Resid Std Resid  
12 0.223287 0.114131 0.109155 3.976285 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.001741 26.02% 0.001918 0.908177 0.182 
Error 0.004952 73.98% 0.001872 2.645751 0.004 
Total 0.006694             
-2 Log likelihood = -38.394007 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 1.02 0.386 
Model Summary 
S R-sq R-sq(adj) 
0.0703712 42.79% 37.34% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.065223 0.020592 7.00 3.167427 0.016 
AR 7                
  HL -0.026796 0.020314 14.00 -1.319079 0.208 
  HMT 0.023038 0.020314 14.00 1.134092 0.276 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
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12 0.391941 0.088261 0.303680 3.968109 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
12 0.391941 0.149310 0.242630 4.048575 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.021559 61.96% 0.013982 1.541976 0.062 
Error 0.013234 38.04% 0.005002 2.645751 0.004 
Total 0.034793             
-2 Log likelihood = -10.384242 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 0.22 0.807 
Model Summary 
S R-sq R-sq(adj) 
0.115038 72.70% 70.10% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.222484 0.056976 7.00 3.904844 0.006 
AR 8                
  HL -0.012749 0.033208 14.00 -0.383912 0.707 
245 
 
  HMT 0.021798 0.033208 14.00 0.656398 0.522 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
3 0.693195 0.209734 0.483460 2.770843 R 
12 0.610485 0.244282 0.366203 2.098812 R 
19 0.625302 0.213435 0.411867 2.360524 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
3 0.693195 0.500393 0.192802 2.106747 R 
12 0.610485 0.328268 0.282217 3.083785 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.021421 64.05% 0.013677 1.566223 0.059 
Error 0.012026 35.95% 0.004545 2.645751 0.004 
Total 0.033447             
-2 Log likelihood = -11.871090 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 0.29 0.753 
Model Summary 
S R-sq R-sq(adj) 
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0.109663 74.39% 71.96% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.214101 0.056381 7.00 3.797429 0.007 
AR 9                
  HL -0.009272 0.031657 14.00 -0.292886 0.774 
  HMT 0.023869 0.031657 14.00 0.753995 0.463 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
3 0.719165 0.204829 0.514336 3.006500 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
3 0.719165 0.488505 0.230661 2.651434 R 
12 0.579138 0.325172 0.253966 2.919331 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.000796 82.29% 0.000456 1.743629 0.041 
Error 0.000171 17.71% 0.000065 2.645751 0.004 
Total 0.000967             
-2 Log likelihood = -95.155870 
Tests of Fixed Effects 
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Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 0.65 0.536 
Model Summary 
S R-sq R-sq(adj) 
0.0130882 87.93% 86.78% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.039009 0.010325 7.00 3.777965 0.007 
AR 10                
  HL -0.000626 0.003778 14.00 -0.165647 0.871 
  HMT -0.003386 0.003778 14.00 -0.896067 0.385 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
3 0.099298 0.038383 0.060915 2.094003 R 
19 0.123291 0.043021 0.080270 2.759383 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
19 0.123291 0.098535 0.024756 2.436076 R 
R  Large residual 
 
RSCM 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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CF 1 SUB 0.063253 94.68% 0.032222 1.963056 0.025 
Error 0.003555 5.32% 0.001257 2.828427 0.002 
Total 0.066807             
-2 Log likelihood = -26.480740 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 16.00 0.92 0.419 
Model Summary 
S R-sq R-sq(adj) 
0.0596225 96.43% 96.14% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.181657 0.084615 8.00 2.146855 0.064 
AR 1                
  HL -0.014389 0.016227 16.00 -0.886702 0.388 
  HMT 0.021601 0.016227 16.00 1.331171 0.202 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
4 0.849625 0.167268 0.682357 2.800112 R 
13 0.981244 0.203258 0.777987 3.192538 R 
22 0.711255 0.174444 0.536811 2.202853 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
13 0.981244 0.856734 0.124510 2.700411 R 
22 0.711255 0.827920 -0.116665 -2.530260 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
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Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 9 1, 2, 3, 4, 6, 8, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.010523 60.80% 0.006442 1.633451 0.051 
Error 0.006785 39.20% 0.002399 2.828427 0.002 
Total 0.017308             
-2 Log likelihood = -29.078097 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 16.00 0.96 0.405 
Model Summary 
S R-sq R-sq(adj) 
0.0823711 72.42% 70.12% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.153786 0.037689 8.00 4.080358 0.004 
AR 2                
  HL -0.002530 0.022419 16.00 -0.112865 0.912 
  HMT -0.025507 0.022419 16.00 -1.137756 0.272 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
23 0.495317 0.181823 0.313494 2.527471 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
9 0.371203 0.221180 0.150023 2.267772 R 
19 0.416530 0.254373 0.162157 2.451198 R 
23 0.495317 0.362947 0.132370 2.000926 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.008509 79.19% 0.004634 1.835971 0.033 
Error 0.002236 20.81% 0.000790 2.828427 0.002 
Total 0.010744             
-2 Log likelihood = -49.427370 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 16.00 0.18 0.839 
Model Summary 
S R-sq R-sq(adj) 
0.0472815 85.61% 84.42% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.109771 0.032065 8.00 3.423346 0.009 
AR 3                
  HL 0.007660 0.012868 16.00 0.595237 0.560 
  HMT -0.003733 0.012868 16.00 -0.290058 0.775 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
4 0.492944 0.117431 0.375513 3.842524 R 
13 0.310754 0.106039 0.204716 2.094799 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
4 0.492944 0.347968 0.144976 3.905322 R 
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R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 9 1, 3, 4, 6, 7, 8, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.021675 64.96% 0.012860 1.685402 0.046 
Error 0.011693 35.04% 0.004134 2.828427 0.002 
Total 0.033368             
-2 Log likelihood = -14.823091 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 16.00 1.34 0.291 
Model Summary 
S R-sq R-sq(adj) 
0.108135 75.80% 73.79% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.190394 0.053305 8.00 3.571809 0.007 
AR 4                
  HL -0.048066 0.029431 16.00 -1.633213 0.122 
  HMT 0.022151 0.029431 16.00 0.752657 0.463 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
4 0.560705 0.142328 0.418377 2.429294 R 
13 0.756078 0.212545 0.543533 3.156004 R 
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R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
13 0.756078 0.547495 0.208583 2.415386 R 
23 0.510264 0.265019 0.245244 2.839923 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 8 1, 3, 4, 7, 8, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.000000 0.00% * * * 
Error 0.005505 100.00% 0.001699 3.240370 0.001 
Total 0.005505             
-2 Log likelihood = -41.214874 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 21.00 0.44 0.652 
Model Summary 
S R-sq R-sq(adj) 
0.0741926 3.99% 0.00% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.122097 0.015144 21.00 8.062138 0.000 
AR 5                
  HL -0.017147 0.021418 21.00 -0.800587 0.432 
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  HMT 0.017491 0.021418 21.00 0.816672 0.423 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
12 0.348232 0.139588 0.208644 3.006362 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
12 0.348232 0.139588 0.208644 3.006362 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.004138 34.88% 0.003717 1.113016 0.133 
Error 0.007724 65.12% 0.002919 2.645751 0.004 
Total 0.011861             
-2 Log likelihood = -27.394055 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 14.00 0.22 0.805 
Model Summary 
S R-sq R-sq(adj) 
0.0878848 48.96% 44.10% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.116498 0.028966 7.00 4.021943 0.005 
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AR 6                
  HL 0.005859 0.025370 14.00 0.230934 0.821 
  HMT 0.010736 0.025370 14.00 0.423177 0.679 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
12 0.428144 0.127234 0.300910 2.953703 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
12 0.428144 0.190975 0.237169 3.236582 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.010881 35.18% 0.009722 1.119249 0.132 
Error 0.020047 64.82% 0.007577 2.645751 0.004 
Total 0.030928             
-2 Log likelihood = -7.307989 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 14.00 2.27 0.140 
Model Summary 
S R-sq R-sq(adj) 
0.141586 54.89% 50.60% 
Coefficients 
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Term Coef SE Coef DF T-Value P-Value 
Constant 0.156977 0.046855 7.00 3.350241 0.012 
AR 7                
  HL -0.086652 0.040872 14.00 -2.120060 0.052 
  HMT 0.035618 0.040872 14.00 0.871446 0.398 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
12 0.771634 0.192595 0.579039 3.519888 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
12 0.771634 0.346187 0.425447 3.606196 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.059959 80.11% 0.034753 1.725305 0.042 
Error 0.014888 19.89% 0.005627 2.645751 0.004 
Total 0.074847             
-2 Log likelihood = -2.321778 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 14.00 1.22 0.324 
Model Summary 
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S R-sq R-sq(adj) 
0.122015 86.54% 85.26% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.432434 0.090084 7.00 4.800317 0.002 
AR 8                
  HL -0.036803 0.035223 14.00 -1.044858 0.314 
  HMT 0.053875 0.035223 14.00 1.529557 0.148 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
3 0.991580 0.395631 0.595949 2.328725 R 
19 0.989682 0.415362 0.574320 2.244208 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
12 0.835210 0.582927 0.252283 2.656872 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 3, 4, 6, 7, 8, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.043922 75.69% 0.026052 1.685950 0.046 
Error 0.014109 24.31% 0.005333 2.645751 0.004 
Total 0.058031             
-2 Log likelihood = -5.097543 
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Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 1.01 0.390 
Model Summary 
S R-sq R-sq(adj) 
0.118780 83.40% 81.81% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.378044 0.077963 7.00 4.849048 0.002 
AR 9                
  HL -0.044580 0.034289 14.00 -1.300137 0.215 
  HMT 0.039192 0.034289 14.00 1.142985 0.272 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
3 0.974653 0.333464 0.641189 2.845455 R 
19 0.873407 0.383433 0.489974 2.174398 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
3 0.974653 0.771470 0.203183 2.187415 R 
10 0.591685 0.404462 0.187222 2.015583 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 8 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
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Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.002633 72.28% 0.001592 1.653458 0.049 
Error 0.001010 27.72% 0.000382 2.645751 0.004 
Total 0.003643             
-2 Log likelihood = -61.584676 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 14.00 1.14 0.346 
Model Summary 
S R-sq R-sq(adj) 
0.0317787 81.04% 79.24% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.092696 0.019267 7.00 4.811174 0.002 
AR 10                
  HL -0.012337 0.009174 14.00 -1.344826 0.200 
  HMT 0.000658 0.009174 14.00 0.071758 0.944 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
3 0.194216 0.080359 0.113857 2.016640 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
10 0.152415 0.092764 0.059651 2.390834 R 
R  Large residual 
 
 
RSPL 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
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DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.002550 82.81% 0.001286 1.982001 0.024 
Error 0.000529 17.19% 0.000176 3.000000 0.001 
Total 0.003079             
-2 Log likelihood = -93.327941 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 18.00 0.35 0.712 
Model Summary 
S R-sq R-sq(adj) 
0.0230019 88.22% 87.35% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.103527 0.016510 9.00 6.270449 0.000 
AR 1                
  HL 0.001837 0.005939 18.00 0.309277 0.761 
  HMT -0.004887 0.005939 18.00 -0.822920 0.421 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
27 0.216435 0.106578 0.109857 2.087029 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
6 0.063367 0.109212 -0.045845 -2.532459 R 
16 0.150467 0.102488 0.047979 2.650331 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.000204 59.43% 0.000119 1.713424 0.043 
Error 0.000140 40.57% 0.000047 3.000000 0.001 
Total 0.000344             
-2 Log likelihood = -138.783154 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 0.11 0.898 
Model Summary 
S R-sq R-sq(adj) 
0.0118136 70.54% 68.36% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.047223 0.005010 9.00 9.426712 0.000 
AR 2                
  HL 0.000733 0.003050 18.00 0.240393 0.813 
  HMT -0.001415 0.003050 18.00 -0.463954 0.648 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
5 0.007835 0.047957 -0.040122 -2.280272 R 
8 0.085403 0.047957 0.037447 2.128227 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
8 0.085403 0.061662 0.023742 2.482011 R 
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R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.001384 82.83% 0.000662 2.089346 0.018 
Error 0.000287 17.17% 0.000091 3.162278 0.001 
Total 0.001671             
-2 Log likelihood = -122.776884 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.19 0.325 
Model Summary 
S R-sq R-sq(adj) 
0.0169376 88.34% 87.56% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.068538 0.011597 10.00 5.909997 0.000 
AR 3                
  HL -0.006434 0.004170 20.00 -1.543072 0.138 
  HMT 0.003111 0.004170 20.00 0.745983 0.464 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
11 0.148393 0.062103 0.086290 2.214200 R 
29 0.152866 0.071861 0.081005 2.078586 R 
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33 0.161123 0.071861 0.089262 2.290463 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
5 0.080321 0.050525 0.029796 2.224041 R 
7 0.084205 0.113918 -0.029712 -2.217783 R 
29 0.152866 0.123675 0.029191 2.178841 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.002603 68.16% 0.001352 1.926128 0.027 
Error 0.001216 31.84% 0.000384 3.162278 0.001 
Total 0.003819             
-2 Log likelihood = -86.796358 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 1.15 0.338 
Model Summary 
S R-sq R-sq(adj) 
0.0348687 77.88% 76.41% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.113292 0.016538 10.00 6.850488 0.000 
263 
 
AR 4                
  HL -0.010225 0.008584 20.00 -1.191180 0.248 
  HMT 0.012064 0.008584 20.00 1.405341 0.175 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
18 0.260205 0.125356 0.134849 2.288573 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
17 0.239934 0.162574 0.077360 2.758456 R 
18 0.260205 0.194753 0.065452 2.333858 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 10 1, 2, 3, 4, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.001656 38.38% 0.001234 1.341674 0.090 
Error 0.002659 61.62% 0.000886 3.000000 0.001 
Total 0.004315             
-2 Log likelihood = -64.895107 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 18.00 1.11 0.351 
Model Summary 
S R-sq R-sq(adj) 
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0.0515630 54.09% 50.69% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.086369 0.015945 9.00 5.416786 0.000 
AR 5                
  HL 0.004202 0.013314 18.00 0.315618 0.756 
  HMT -0.018892 0.013314 18.00 -1.418978 0.173 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
6 0.238617 0.090571 0.148046 2.375712 R 
26 0.331414 0.101059 0.230355 3.696538 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
16 0.045977 0.144973 -0.098996 -2.287243 R 
26 0.331414 0.178554 0.152860 3.531749 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.002956 38.98% 0.002315 1.277137 0.101 
Error 0.004629 61.02% 0.001636 2.828427 0.002 
Total 0.007585             
-2 Log likelihood = -43.552049 
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Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 16.00 1.87 0.187 
Model Summary 
S R-sq R-sq(adj) 
0.0680340 56.47% 52.85% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.108318 0.022359 8.00 4.844585 0.001 
AR 6                
  HL 0.031588 0.018516 16.00 1.705951 0.107 
  HMT -0.030335 0.018516 16.00 -1.638276 0.121 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.424960 0.139906 0.285054 3.471594 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.424960 0.224718 0.200242 3.532548 R 
14 0.029786 0.162794 -0.133008 -2.346439 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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SDO 7 SUB 0.002263 27.35% 0.002248 1.006814 0.157 
Error 0.006010 72.65% 0.002125 2.828427 0.002 
Total 0.008274             
-2 Log likelihood = -39.796806 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 16.00 0.76 0.484 
Model Summary 
S R-sq R-sq(adj) 
0.0775269 42.83% 38.07% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.093138 0.021773 8.00 4.277653 0.003 
AR 7                
  HL 0.019183 0.021100 16.00 0.909153 0.377 
  HMT -0.024817 0.021100 16.00 -1.176152 0.257 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.467536 0.112321 0.355215 4.142103 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.467536 0.185512 0.282024 4.252656 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
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AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.002799 40.03% 0.002156 1.298338 0.097 
Error 0.004194 59.97% 0.001483 2.828427 0.002 
Total 0.006993             
-2 Log likelihood = -45.686159 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 16.00 0.61 0.555 
Model Summary 
S R-sq R-sq(adj) 
0.0647599 54.74% 50.97% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.147887 0.021595 8.00 6.848134 0.000 
AR 8                
  HL 0.019022 0.017625 16.00 1.079227 0.296 
  HMT -0.013166 0.017625 16.00 -0.746989 0.466 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
3 0.326012 0.166908 0.159103 2.018004 R 
5 0.366644 0.166908 0.199735 2.533365 R 
12 0.303042 0.134721 0.168321 2.134919 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.366644 0.182760 0.183883 3.415146 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 2, 3, 4, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.002251 30.49% 0.002214 1.016637 0.155 
Error 0.005132 69.51% 0.001940 2.645751 0.004 
Total 0.007383             
-2 Log likelihood = -36.809190 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 0.51 0.612 
Model Summary 
S R-sq R-sq(adj) 
0.0716363 45.49% 40.30% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.126807 0.022252 7.00 5.698583 0.001 
AR 9                
  HL 0.017904 0.020680 14.00 0.865762 0.401 
  HMT 0.000305 0.020680 14.00 0.014753 0.988 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.386582 0.144711 0.241871 3.009380 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.386582 0.171584 0.214998 3.563630 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.001329 44.27% 0.000963 1.379107 0.084 
Error 0.001672 55.73% 0.000591 2.828427 0.002 
Total 0.003001             
-2 Log likelihood = -66.798115 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 0.54 0.591 
Model Summary 
S R-sq R-sq(adj) 
0.0408920 58.41% 54.94% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.087814 0.014476 8.00 6.066264 0.000 
AR 10                
  HL 0.000231 0.011129 16.00 0.020755 0.984 
  HMT -0.010162 0.011129 16.00 -0.913072 0.375 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
7 0.195661 0.088045 0.107616 2.083727 R 
23 0.201738 0.097745 0.103993 2.013587 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
7 0.195661 0.104759 0.090902 2.695433 R 
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23 0.201738 0.113402 0.088336 2.619338 R 
R  Large residual 
 
RSPL 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.010570 74.04% 0.005580 1.894165 0.029 
Error 0.003706 25.96% 0.001235 3.000000 0.001 
Total 0.014276             
-2 Log likelihood = -45.098462 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 18.00 0.66 0.528 
Model Summary 
S R-sq R-sq(adj) 
0.0608764 82.02% 80.68% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.235115 0.034359 9.00 6.842954 0.000 
AR 1                
  HL -0.016113 0.015718 18.00 -1.025132 0.319 
  HMT 0.015142 0.015718 18.00 0.963326 0.348 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
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6 0.100846 0.248446 -0.147600 -3.051318 R 
16 0.411918 0.279701 0.132217 2.733305 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 10 1, 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.003492 61.34% 0.002007 1.740029 0.041 
Error 0.002200 38.66% 0.000733 3.000000 0.001 
Total 0.005692             
-2 Log likelihood = -63.730228 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 18.00 0.72 0.502 
Model Summary 
S R-sq R-sq(adj) 
0.0469071 72.56% 70.52% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.125284 0.020555 9.00 6.095024 0.000 
AR 2                
  HL 0.014318 0.012111 18.00 1.182187 0.253 
  HMT -0.009151 0.012111 18.00 -0.755583 0.460 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
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6 0.411768 0.139602 0.272166 3.802596 R 
16 0.269799 0.116133 0.153666 2.146964 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
6 0.411768 0.274683 0.137085 3.619113 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.009068 68.52% 0.004697 1.930591 0.027 
Error 0.004167 31.48% 0.001318 3.162278 0.001 
Total 0.013235             
-2 Log likelihood = -49.704921 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 1.66 0.215 
Model Summary 
S R-sq R-sq(adj) 
0.0645486 78.37% 76.93% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.180988 0.030832 10.00 5.870046 0.000 
AR 3                
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  HL -0.021640 0.015891 20.00 -1.361775 0.188 
  HMT 0.027525 0.015891 20.00 1.732141 0.099 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
17 0.505022 0.208513 0.296509 2.703196 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
17 0.505022 0.291672 0.213350 4.111371 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.020573 54.80% 0.011866 1.733858 0.041 
Error 0.016968 45.20% 0.005366 3.162278 0.001 
Total 0.037541             
-2 Log likelihood = -12.424271 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 1.06 0.367 
Model Summary 
S R-sq R-sq(adj) 
0.130260 67.65% 65.49% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
274 
 
Constant 0.263978 0.048831 10.00 5.405931 0.000 
AR 4                
  HL -0.021561 0.032068 20.00 -0.672351 0.509 
  HMT 0.046551 0.032068 20.00 1.451626 0.162 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
17 1.000000 0.310528 0.689472 3.732150 R 
18 0.701747 0.310528 0.391218 2.117688 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
17 1.000000 0.596584 0.403416 3.779633 R 
18 0.701747 0.472360 0.229387 2.149138 R 
28 0.296186 0.525043 -0.228857 -2.144178 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 10 1, 2, 3, 4, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.013105 53.41% 0.008074 1.623034 0.052 
Error 0.011430 46.59% 0.003810 3.000000 0.001 
Total 0.024535             
-2 Log likelihood = -21.587656 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
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AR 5 2.00 18.00 1.65 0.220 
Model Summary 
S R-sq R-sq(adj) 
0.106912 67.31% 64.88% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.237424 0.041128 9.00 5.772838 0.000 
AR 5                
  HL -0.010001 0.027605 18.00 -0.362311 0.721 
  HMT -0.037570 0.027605 18.00 -1.360983 0.190 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.612447 0.199855 0.412592 2.776552 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
16 0.108491 0.299116 -0.190624 -2.182225 R 
17 0.612447 0.411973 0.200474 2.294982 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.010547 43.33% 0.007745 1.361830 0.087 
Error 0.013792 56.67% 0.004876 2.828427 0.002 
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Total 0.024339             
-2 Log likelihood = -16.372852 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 16.00 1.32 0.294 
Model Summary 
S R-sq R-sq(adj) 
0.117440 59.05% 55.63% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.196667 0.041020 8.00 4.794363 0.001 
AR 6                
  HL 0.020805 0.031963 16.00 0.650922 0.524 
  HMT -0.051676 0.031963 16.00 -1.616744 0.125 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.543093 0.217473 0.325620 2.213794 R 
23 0.718642 0.227538 0.491104 3.338873 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
14 0.052424 0.313098 -0.260675 -2.686703 R 
23 0.718642 0.395645 0.322997 3.329043 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
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AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.005122 32.41% 0.004520 1.133150 0.129 
Error 0.010681 67.59% 0.003776 2.828427 0.002 
Total 0.015803             
-2 Log likelihood = -24.912843 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 16.00 1.47 0.259 
Model Summary 
S R-sq R-sq(adj) 
0.103351 49.86% 45.68% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.165506 0.031060 8.00 5.328665 0.001 
AR 7                
  HL 0.007096 0.028129 16.00 0.252285 0.804 
  HMT -0.044876 0.028129 16.00 -1.595402 0.130 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.583120 0.172603 0.410517 3.463649 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.583120 0.275264 0.307855 3.524944 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
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Factor Type Levels Values 
LUP 8 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.009406 45.24% 0.006736 1.396399 0.081 
Error 0.011387 54.76% 0.004026 2.828427 0.002 
Total 0.020792             
-2 Log likelihood = -20.537983 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 16.00 0.89 0.431 
Model Summary 
S R-sq R-sq(adj) 
0.106708 59.87% 56.53% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.275056 0.038299 8.00 7.181878 0.000 
AR 8                
  HL 0.031450 0.029042 16.00 1.082897 0.295 
  HMT -0.035278 0.029042 16.00 -1.214703 0.242 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
12 0.524115 0.239778 0.284337 2.091517 R 
21 0.608048 0.278884 0.329164 2.421253 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.559673 0.308620 0.251053 2.857743 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
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Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LDO 9 SUB Random 8 2, 3, 4, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.011348 48.54% 0.008348 1.359399 0.087 
Error 0.012029 51.46% 0.004547 2.645751 0.004 
Total 0.023377             
-2 Log likelihood = -15.397478 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 14.00 0.07 0.936 
Model Summary 
S R-sq R-sq(adj) 
0.109678 61.34% 57.66% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.239211 0.043815 7.00 5.459630 0.001 
AR 9                
  HL 0.006183 0.031661 14.00 0.195291 0.848 
  HMT 0.005354 0.031661 14.00 0.169107 0.868 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.535852 0.245394 0.290457 2.030870 R 
11 0.548733 0.244565 0.304168 2.126732 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
4 0.535852 0.250619 0.285232 3.202407 R 
R  Large residual 
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Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.008233 48.57% 0.005664 1.453634 0.073 
Error 0.008720 51.43% 0.003083 2.828427 0.002 
Total 0.016953             
-2 Log likelihood = -26.165569 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 0.20 0.819 
Model Summary 
S R-sq R-sq(adj) 
0.0933796 61.57% 58.37% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.196319 0.035182 8.00 5.580114 0.001 
AR 10                
  HL -0.011564 0.025415 16.00 -0.455007 0.655 
  HMT -0.003991 0.025415 16.00 -0.157045 0.877 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
15 0.566493 0.192328 0.374165 3.048006 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
15 0.566493 0.330063 0.236430 3.093467 R 
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R  Large residual 
 
RTRAP 50th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.004620 66.32% 0.002429 1.902461 0.029 
Error 0.002346 33.68% 0.000742 3.162278 0.001 
Total 0.006966             
-2 Log likelihood = -67.798716 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 0.16 0.854 
Model Summary 
S R-sq R-sq(adj) 
0.0484338 76.01% 74.41% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.111582 0.022161 10.00 5.035132 0.001 
AR 1                
  HL -0.006209 0.011924 20.00 -0.520736 0.608 
  HMT 0.005366 0.011924 20.00 0.450004 0.658 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
30 0.272335 0.112426 0.159909 2.009463 R 
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R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.252965 0.160962 0.092003 2.356251 R 
30 0.272335 0.166833 0.105502 2.701985 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.012213 51.95% 0.007245 1.685845 0.046 
Error 0.011297 48.05% 0.003573 3.162278 0.001 
Total 0.023510             
-2 Log likelihood = -25.515410 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 20.00 0.70 0.507 
Model Summary 
S R-sq R-sq(adj) 
0.106289 64.98% 62.64% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.133609 0.038113 10.00 3.505571 0.006 
AR 2                
  HL 0.004144 0.026166 20.00 0.158358 0.876 
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  HMT 0.024553 0.026166 20.00 0.938357 0.359 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
17 0.777769 0.158162 0.619607 4.238208 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
17 0.777769 0.386699 0.391070 4.470134 R 
R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.013244 89.66% 0.006153 2.152537 0.016 
Error 0.001528 10.34% 0.000483 3.162278 0.001 
Total 0.014772             
-2 Log likelihood = -67.031766 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 0.54 0.593 
Model Summary 
S R-sq R-sq(adj) 
0.0390855 93.00% 92.54% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.137516 0.035359 10.00 3.889092 0.003 
284 
 
AR 3                
  HL -0.009924 0.009622 20.00 -1.031361 0.315 
  HMT 0.005815 0.009622 20.00 0.604302 0.552 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.446229 0.127592 0.318637 2.749667 R 
18 0.389365 0.143330 0.246035 2.123150 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.446229 0.367793 0.078436 2.554211 R 
17 0.028677 0.096779 -0.068103 -2.217721 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.005889 78.10% 0.002885 2.041194 0.021 
Error 0.001651 21.90% 0.000522 3.162278 0.001 
Total 0.007540             
-2 Log likelihood = -73.062763 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 0.23 0.795 
Model Summary 
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S R-sq R-sq(adj) 
0.0406372 84.83% 83.82% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.090220 0.024195 10.00 3.728881 0.004 
AR 4                
  HL 0.004572 0.010004 20.00 0.456992 0.653 
  HMT -0.006655 0.010004 20.00 -0.665251 0.513 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.404615 0.094792 0.309823 3.742115 R 
18 0.260647 0.083565 0.177082 2.138838 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.404615 0.284609 0.120006 3.714770 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.006020 53.44% 0.003518 1.711292 0.044 
Error 0.005245 46.56% 0.001659 3.162278 0.001 
Total 0.011265             
-2 Log likelihood = -48.073662 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 0.05 0.949 
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Model Summary 
S R-sq R-sq(adj) 
0.0724218 65.52% 63.22% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.130952 0.026575 10.00 4.927703 0.001 
AR 5                
  HL 0.003577 0.017829 20.00 0.200642 0.843 
  HMT 0.002107 0.017829 20.00 0.118192 0.907 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
7 0.395827 0.134529 0.261298 2.582080 R 
17 0.367975 0.133059 0.234916 2.321377 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
7 0.395827 0.248622 0.147205 2.475365 R 
17 0.367975 0.217644 0.150331 2.527939 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.011358 58.30% 0.007098 1.600198 0.055 
Error 0.008124 41.70% 0.002872 2.828427 0.002 
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Total 0.019482             
-2 Log likelihood = -25.432240 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 16.00 0.52 0.603 
Model Summary 
S R-sq R-sq(adj) 
0.0901329 70.07% 67.57% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.142162 0.039533 8.00 3.596018 0.007 
AR 6                
  HL 0.024651 0.024531 16.00 1.004892 0.330 
  HMT -0.008339 0.024531 16.00 -0.339949 0.738 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.631036 0.166813 0.464222 3.527667 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.631036 0.323187 0.307849 4.237591 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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SDO 7 SUB 0.006214 26.59% 0.006299 0.986546 0.162 
Error 0.017152 73.41% 0.006064 2.828427 0.002 
Total 0.023366             
-2 Log likelihood = -14.792420 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 16.00 0.12 0.888 
Model Summary 
S R-sq R-sq(adj) 
0.130965 39.78% 34.76% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.128063 0.036410 8.00 3.517225 0.008 
AR 7                
  HL 0.017359 0.035644 16.00 0.487022 0.633 
  HMT -0.007224 0.035644 16.00 -0.202671 0.842 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.663603 0.145422 0.518181 3.595571 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.663603 0.213757 0.449846 4.007683 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
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AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.012281 79.53% 0.006678 1.839064 0.033 
Error 0.003162 20.47% 0.001118 2.828427 0.002 
Total 0.015442             
-2 Log likelihood = -40.959117 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 16.00 1.04 0.375 
Model Summary 
S R-sq R-sq(adj) 
0.0562282 86.06% 84.90% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.222358 0.038492 8.00 5.776774 0.000 
AR 8                
  HL 0.016287 0.015303 16.00 1.064305 0.303 
  HMT -0.021088 0.015303 16.00 -1.378021 0.187 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.517308 0.238646 0.278663 2.378479 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.517308 0.357938 0.159371 3.611280 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
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Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.007742 57.68% 0.004864 1.591673 0.056 
Error 0.005681 42.32% 0.002009 2.828427 0.002 
Total 0.013423             
-2 Log likelihood = -34.181167 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 0.05 0.950 
Model Summary 
S R-sq R-sq(adj) 
0.0753722 69.07% 66.49% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.168236 0.032721 8.00 5.141495 0.001 
AR 9                
  HL 0.005377 0.020514 16.00 0.262116 0.797 
  HMT 0.000591 0.020514 16.00 0.028819 0.977 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
5 0.532558 0.173613 0.358945 3.286037 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
5 0.532558 0.298537 0.234021 3.848697 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.013075 90.94% 0.006756 1.935249 0.026 
Error 0.001302 9.06% 0.000460 2.828427 0.002 
Total 0.014377             
-2 Log likelihood = -55.050011 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 2.95 0.081 
Model Summary 
S R-sq R-sq(adj) 
0.0360831 94.00% 93.50% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.140606 0.038743 8.00 3.629197 0.007 
AR 10                
  HL -0.018094 0.009821 16.00 -1.842443 0.084 
  HMT -0.004406 0.009821 16.00 -0.448623 0.660 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
24 0.345464 0.266880 0.078583 2.806654 R 
R  Large residual 
 
RTRAP 90th Percentile 
Mixed Effects Model: CF 1 versus CF 1 SUB, AR 1 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 1 SUB*AR 1 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 1 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 1 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 1 SUB 0.014232 48.44% 0.008769 1.622956 0.052 
Error 0.015146 51.56% 0.004790 3.162278 0.001 
Total 0.029378             
-2 Log likelihood = -17.773884 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 1 2.00 20.00 0.17 0.846 
Model Summary 
S R-sq R-sq(adj) 
0.123069 61.35% 58.78% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.271986 0.041866 10.00 6.496612 0.000 
AR 1                
  HL -0.016612 0.030297 20.00 -0.548308 0.590 
  HMT 0.013288 0.030297 20.00 0.438586 0.666 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.777960 0.285274 0.492686 3.014801 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
17 0.777960 0.385178 0.392782 3.855039 R 
R  Large residual 
 
Mixed Effects Model: CF 2 versus CF 2 SUB, AR 2 
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* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 2 SUB*AR 2 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 2 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 2 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 2 SUB 0.017995 43.31% 0.011822 1.522125 0.064 
Error 0.023553 56.69% 0.007448 3.162278 0.001 
Total 0.041547             
-2 Log likelihood = -6.013156 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2 2.00 20.00 1.27 0.303 
Model Summary 
S R-sq R-sq(adj) 
0.153469 58.46% 55.69% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.215129 0.048473 10.00 4.438144 0.001 
AR 2                
  HL 0.053318 0.037781 20.00 1.411231 0.174 
  HMT -0.002461 0.037781 20.00 -0.065141 0.949 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
17 0.949520 0.212668 0.736852 3.791444 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
7 0.631553 0.291621 0.339932 2.651006 R 
17 0.949520 0.463539 0.485981 3.789991 R 
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R  Large residual 
 
Mixed Effects Model: CF 3 versus CF 3 SUB, AR 3 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 3 SUB*AR 3 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 3 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 3 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 3 SUB 0.023051 88.97% 0.010739 2.146454 0.016 
Error 0.002859 11.03% 0.000904 3.162278 0.001 
Total 0.025910             
-2 Log likelihood = -48.929076 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 3 2.00 20.00 0.58 0.567 
Model Summary 
S R-sq R-sq(adj) 
0.0534676 92.53% 92.03% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.237733 0.046714 10.00 5.089126 0.000 
AR 3                
  HL -0.013958 0.013163 20.00 -1.060432 0.302 
  HMT 0.004565 0.013163 20.00 0.346811 0.732 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
7 0.696687 0.223775 0.472912 3.081362 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
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Obs CF 3 Fit Resid Std Resid  
7 0.696687 0.544624 0.152063 3.617493 R 
29 0.479055 0.567975 -0.088921 -2.115364 R 
R  Large residual 
 
Mixed Effects Model: CF 4 versus CF 4 SUB, AR 4 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 4 SUB*AR 4 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 4 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 4 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 4 SUB 0.029197 86.91% 0.013721 2.127964 0.017 
Error 0.004397 13.09% 0.001391 3.162278 0.001 
Total 0.033594             
-2 Log likelihood = -37.869496 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 4 2.00 20.00 0.09 0.910 
Model Summary 
S R-sq R-sq(adj) 
0.0663115 91.07% 90.48% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.255706 0.052797 10.00 4.843208 0.001 
AR 4                
  HL -0.003553 0.016325 20.00 -0.217625 0.830 
  HMT -0.003559 0.016325 20.00 -0.217993 0.830 
Marginal Fits and Diagnostics for Unusual Observations 
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Obs CF 4 Fit Resid Std Resid  
7 0.806537 0.252153 0.554384 3.172315 R 
18 0.612943 0.252147 0.360795 2.064556 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 4 Fit Resid Std Resid  
7 0.806537 0.644851 0.161687 3.095268 R 
17 0.388226 0.276339 0.111886 2.141913 R 
R  Large residual 
 
Mixed Effects Model: CF 5 versus CF 5 SUB, AR 5 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: CF 5 SUB*AR 5 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
CF 5 SUB Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR 5 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
CF 5 SUB 0.032819 75.40% 0.016313 2.011865 0.022 
Error 0.010710 24.60% 0.003387 3.162278 0.001 
Total 0.043528             
-2 Log likelihood = -18.354014 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 5 2.00 20.00 0.46 0.639 
Model Summary 
S R-sq R-sq(adj) 
0.103487 82.92% 81.78% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
297 
 
Constant 0.284319 0.057516 10.00 4.943343 0.001 
AR 5                
  HL -0.007257 0.025477 20.00 -0.284831 0.779 
  HMT 0.023778 0.025477 20.00 0.933309 0.362 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.759238 0.308097 0.451141 2.267896 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
17 0.759238 0.523812 0.235425 2.853054 R 
33 0.575421 0.374611 0.200810 2.433559 R 
R  Large residual 
 
Mixed Effects Model: SUP 6 versus SUP 6 SUB, AR 6 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUP 6 SUB*AR 6 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUP 6 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 6 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUP 6 SUB 0.039216 77.14% 0.021588 1.816521 0.035 
Error 0.011622 22.86% 0.004109 2.828427 0.002 
Total 0.050838             
-2 Log likelihood = -10.746504 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 6 2.00 16.00 0.01 0.986 
Model Summary 
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S R-sq R-sq(adj) 
0.107806 84.08% 82.75% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.254892 0.069194 8.00 3.683762 0.006 
AR 6                
  HL 0.004505 0.029341 16.00 0.153545 0.880 
  HMT -0.004000 0.029341 16.00 -0.136332 0.893 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.831764 0.259398 0.572366 2.692510 R 
15 0.699086 0.250892 0.448193 2.108379 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 0.831764 0.541182 0.290582 3.425312 R 
14 0.347235 0.532677 -0.185442 -2.185950 R 
15 0.699086 0.528795 0.170291 2.007351 R 
R  Large residual 
 
Mixed Effects Model: SDO 7 versus SDO 7 SUB, AR 7 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SDO 7 SUB*AR 7 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SDO 7 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 7 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SDO 7 SUB 0.023299 44.31% 0.016886 1.379729 0.084 
Error 0.029284 55.69% 0.010353 2.828427 0.002 
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Total 0.052583             
-2 Log likelihood = 1.919992 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 7 2.00 16.00 0.10 0.904 
Model Summary 
S R-sq R-sq(adj) 
0.171126 57.59% 54.06% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.211152 0.060608 8.00 3.483883 0.008 
AR 7                
  HL 0.017737 0.046575 16.00 0.380824 0.708 
  HMT 0.000771 0.046575 16.00 0.016560 0.987 
Marginal Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.904756 0.228888 0.675868 3.126198 R 
15 0.685462 0.211923 0.473539 2.190334 R 
24 0.633370 0.192644 0.440727 2.038562 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
5 0.904756 0.361301 0.543455 3.850962 R 
R  Large residual 
 
Mixed Effects Model: LUP 8 versus LUP 8 SUB, AR 8 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LUP 8 SUB*AR 8 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
LUP 8 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
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AR 8 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LUP 8 SUB 0.027232 82.39% 0.014602 1.864928 0.031 
Error 0.005820 17.61% 0.002058 2.828427 0.002 
Total 0.033052             
-2 Log likelihood = -24.932327 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 8 2.00 16.00 2.10 0.155 
Model Summary 
S R-sq R-sq(adj) 
0.0762903 88.23% 87.25% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.453346 0.056932 8.00 7.962889 0.000 
AR 8                
  HL 0.041698 0.020764 16.00 2.008206 0.062 
  HMT -0.028174 0.020764 16.00 -1.356877 0.194 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.891471 0.495043 0.396428 2.312826 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
5 0.891471 0.694856 0.196615 3.293557 R 
R  Large residual 
 
Mixed Effects Model: LDO 9 versus LDO 9 SUB, AR 9 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: LDO 9 SUB*AR 9 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
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Factor Type Levels Values 
LDO 9 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 9 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
LDO 9 SUB 0.026788 78.77% 0.014622 1.832047 0.033 
Error 0.007219 21.23% 0.002552 2.828427 0.002 
Total 0.034007             
-2 Log likelihood = -21.480116 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 9 2.00 16.00 0.25 0.785 
Model Summary 
S R-sq R-sq(adj) 
0.0849641 85.33% 84.11% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.360092 0.056955 8.00 6.322400 0.000 
AR 9                
  HL 0.015762 0.023124 16.00 0.681638 0.505 
  HMT -0.004538 0.023124 16.00 -0.196249 0.847 
Marginal Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
5 0.867123 0.375854 0.491268 2.825585 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
5 0.867123 0.620150 0.246973 3.700552 R 
R  Large residual 
 
Mixed Effects Model: OUT 10 versus OUT 10 SUB, AR 10 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: OUT 10 SUB*AR 10 
Method 
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Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
OUT 10 SUB Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR 10 Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
OUT 10 SUB 0.035840 89.74% 0.018609 1.925906 0.027 
Error 0.004099 10.26% 0.001449 2.828427 0.002 
Total 0.039939             
-2 Log likelihood = -28.596002 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 10 2.00 16.00 1.91 0.180 
Model Summary 
S R-sq R-sq(adj) 
0.0640227 93.14% 92.57% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 0.259844 0.064296 8.00 4.041352 0.004 
AR 10                
  HL -0.006420 0.017425 16.00 -0.368425 0.717 
  HMT -0.025756 0.017425 16.00 -1.478146 0.159 
Marginal Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
5 0.671357 0.253424 0.417933 2.218125 R 
14 0.621214 0.234087 0.387126 2.054623 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
24 0.568716 0.433391 0.135325 2.720922 R 
R  Large residual  
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APPENDIX D: ANOVA RESULTS FOR BLINK RATE  
Mixed Effects Model: CF1 versus Subject, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: Subject*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
Subject Random 10 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
Subject 15.407535 27.63% 14.322658 1.075746 0.141 
Error 40.346408 72.37% 13.448803 3.000000 0.001 
Total 55.753943             
-2 Log likelihood = 192.431181 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 18.00 1.94 0.173 
Model Summary 
S R-sq R-sq(adj) 
6.35188 46.11% 42.12% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 15.564963 1.698715 9.00 9.162785 0.000 
AR                
  HL -3.076784 1.640049 18.00 -1.876032 0.077 
  HMT 2.384725 1.640049 18.00 1.454057 0.163 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF1 Fit Resid Std Resid  
21 33.576750 17.949688 15.627062 2.206065 R 
R  Large residual 
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Conditional Fits and Diagnostics for Unusual Observations 
Obs CF1 Fit Resid Std Resid  
21 33.576750 22.489597 11.087153 2.029341 R 
30 6.893646 18.816195 -11.922549 -2.182248 R 
R  Large residual 
 
Mixed Effects Model: CF3 versus Subject, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: Subject*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
Subject Random 10 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
Subject 6.233139 15.97% 8.874893 0.702334 0.241 
Error 32.798682 84.03% 10.932894 3.000000 0.001 
Total 39.031821             
-2 Log likelihood = 184.028555 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 18.00 1.96 0.170 
Model Summary 
S R-sq R-sq(adj) 
5.72701 34.15% 29.28% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 13.843321 1.310192 9.00 10.565872 0.000 
AR                
  HL -2.924022 1.478708 18.00 -1.977416 0.064 
  HMT 1.437417 1.478708 18.00 0.972076 0.344 
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Marginal Fits and Diagnostics for Unusual Observations 
Obs CF3 Fit Resid Std Resid  
17 25.986235 10.919300 15.066936 2.542110 R 
21 27.138060 15.280739 11.857321 2.000580 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF3 Fit Resid Std Resid  
17 25.986235 13.860683 12.125552 2.380491 R 
21 27.138060 16.293194 10.844866 2.129067 R 
R  Large residual 
 
Mixed Effects Model: CF4 versus Subject, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: Subject*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
Subject Random 10 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
Subject 17.447163 42.48% 12.221998 1.427521 0.077 
Error 23.623860 57.52% 7.874620 3.000000 0.001 
Total 41.071023             
-2 Log likelihood = 181.620787 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 18.00 3.26 0.062 
Model Summary 
S R-sq R-sq(adj) 
4.86044 61.09% 58.21% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
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Constant 13.837566 1.591282 9.00 8.695861 0.000 
AR                
  HL -3.169369 1.254960 18.00 -2.525475 0.021 
  HMT 1.186541 1.254960 18.00 0.945482 0.357 
Marginal Fits and Diagnostics for Unusual Observations 
Obs CF4 Fit Resid Std Resid  
7 28.384685 15.820394 12.564291 2.066565 R 
27 28.038465 15.024108 13.014357 2.140591 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF4 Fit Resid Std Resid  
6 23.612735 14.928370 8.684365 2.145871 R 
R  Large residual 
 
Mixed Effects Model: Lad versus Subject, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: Subject*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
Subject Random 10 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, No 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
Subject 36.250897 82.14% 18.348538 1.975683 0.024 
Error 7.883553 17.86% 2.627851 3.000000 0.001 
Total 44.134450             
-2 Log likelihood = 165.725217 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 18.00 1.43 0.266 
Model Summary 
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S R-sq R-sq(adj) 
2.80777 87.92% 87.02% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 12.745516 1.971769 9.00 6.463999 0.000 
AR                
  HL -1.223096 0.724962 18.00 -1.687117 0.109 
  HMT 0.568106 0.724962 18.00 0.783635 0.443 
Marginal Fits and Diagnostics for Unusual Observations 
Obs Lad Fit Resid Std Resid  
7 28.228165 13.400506 14.827659 2.352678 R 
R  Large residual 
Conditional Fits and Diagnostics for Unusual Observations 
Obs Lad Fit Resid Std Resid  
4 10.625903 15.116411 -4.490509 -2.030680 R 
7 28.228165 23.657995 4.570170 2.066705 R 
R  Large residual 
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APPENDIX E: FRIEDMAN’S TEST RESULTS FOR PUPIL 
DIAMETER 
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APPENDIX F: FRIEDMAN’S TEST RSULTS FOR 
SUBJECTIVE ASSESSMENT 
 
Friedman Test: Q1 versus AR blocked by Subject  
 
S = 5.33  DF = 1  P = 0.021 
S = 6.40  DF = 1  P = 0.011 (adjusted for ties) 
 
            Est  Sum of 
AR    N  Median   Ranks 
HL   12   4.750    14.0 
HMT  12   6.750    22.0 
 
Grand median = 5.750 
 
  
Friedman Test: Q2 versus AR blocked by Subject  
 
S = 6.75  DF = 1  P = 0.009 
S = 7.36  DF = 1  P = 0.007 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      4.2500    13.5 
HMT  12      5.2500    22.5 
 
Grand median = 4.7500 
 
  
Friedman Test: Q3 versus AR blocked by Subject  
 
S = 0.33  DF = 1  P = 0.564 
S = 0.50  DF = 1  P = 0.480 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      6.5000    17.0 
HMT  12      6.5000    19.0 
 
Grand median = 6.5000 
 
  
Friedman Test: Q4 versus AR blocked by Subject  
 
S = 2.08  DF = 1  P = 0.149 
S = 5.00  DF = 1  P = 0.025 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      6.7500    15.5 
HMT  12      6.7500    20.5 
 
Grand median = 6.7500 
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Friedman Test: Q5 versus AR blocked by Subject  
 
S = 2.08  DF = 1  P = 0.149 
S = 3.57  DF = 1  P = 0.059 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      6.2500    15.5 
HMT  12      6.7500    20.5 
 
Grand median = 6.5000 
 
  
Friedman Test: Q6 versus AR blocked by Subject  
 
S = 2.08  DF = 1  P = 0.149 
S = 3.57  DF = 1  P = 0.059 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      4.7500    15.5 
HMT  12      5.2500    20.5 
 
Grand median = 5.0000 
 
  
Friedman Test: Q7 versus AR blocked by Subject  
 
S = 0.75  DF = 1  P = 0.386 
S = 1.29  DF = 1  P = 0.257 (adjusted for ties) 
 
                     Sum of 
AR    N  Est Median   Ranks 
HL   12      4.5000    16.5 
HMT  12      4.5000    19.5 
 
Grand median = 4.5000 
 
  
Friedman Test: Q8 versus AR 2 blocked by Subject 2  
 
S = 0.00  DF = 1  P = 1.000 
S = 0.00  DF = 1  P = 1.000 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      7.0000    16.5 
HMT   11      7.0000    16.5 
 
Grand median = 7.0000 
 
  
Friedman Test: Q9 versus AR 2 blocked by Subject 2  
 
S = 2.27  DF = 1  P = 0.132 
S = 3.57  DF = 1  P = 0.059 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      5.0000    14.0 
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HMT   11      6.0000    19.0 
 
Grand median = 5.5000 
 
  
Friedman Test: Q10 versus AR 2 blocked by Subject 2  
 
S = 0.82  DF = 1  P = 0.366 
S = 1.80  DF = 1  P = 0.180 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      5.0000    15.0 
HMT   11      5.0000    18.0 
 
Grand median = 5.0000 
 
  
Friedman Test: Q11 versus AR 2 blocked by Subject 2  
 
S = 0.00  DF = 1  P = 1.000 
S = 0.00  DF = 1  P = 1.000 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      6.5000    16.5 
HMT   11      6.5000    16.5 
 
Grand median = 6.5000 
 
  
Friedman Test: Q12 versus AR 2 blocked by Subject 2  
 
S = 1.45  DF = 1  P = 0.228 
S = 2.67  DF = 1  P = 0.102 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      5.5000    14.5 
HMT   11      5.5000    18.5 
 
Grand median = 5.5000 
 
  
Friedman Test: Q13 versus AR 2 blocked by Subject 2  
 
S = 0.82  DF = 1  P = 0.366 
S = 1.29  DF = 1  P = 0.257 (adjusted for ties) 
 
                      Sum of 
AR 2   N  Est Median   Ranks 
HL    11      5.0000    15.0 
HMT   11      5.0000    18.0 
 
Grand median = 5.0000 
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APPENDIX G: MICROSOFT HOLOLENS AR CONTENT 
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APPENDIX H: REALWEAR HMT AR CONTENT 
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APPENDIX I: ANOVA RESULTS FOR TIME DURATION 
Mixed Effects Model: CF 1 versus SUB CF Task, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB CF Task*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB CF Task Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB CF Task 219.175945 91.73% 100.986565 2.170348 0.015 
Error 19.766435 8.27% 6.250696 3.162278 0.001 
Total 238.942380             
-2 Log likelihood = 219.387987 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 20.00 2.57 0.101 
Model Summary 
S R-sq R-sq(adj) 
4.44595 94.48% 94.11% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 24.871970 4.530350 10.00 5.490077 0.000 
AR                
  HL -1.147879 1.094516 20.00 -1.048754 0.307 
  HMT 2.479985 1.094516 20.00 2.265827 0.035 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 1 Fit Resid Std Resid  
21 76.989000 66.066330 10.922670 3.133003 R 
R  Large residual 
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* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: CF 2 versus SUB CF Task, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB CF Task*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB CF Task Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB CF Task 5.281464 57.15% 2.981661 1.771316 0.038 
Error 3.960205 42.85% 1.252327 3.162278 0.001 
Total 9.241670             
-2 Log likelihood = 151.912281 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 20.00 6.06 0.009 
Model Summary 
S R-sq R-sq(adj) 
1.99003 73.21% 71.43% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 12.402909 0.774687 10.00 16.010228 0.000 
AR                
  HL 0.585091 0.489911 20.00 1.194281 0.246 
  HMT 1.094773 0.489911 20.00 2.234638 0.037 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 2 Fit Resid Std Resid  
12 15.871000 12.437973 3.433027 2.112844 R 
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21 22.366500 18.430377 3.936123 2.422473 R 
23 6.364000 9.663337 -3.299337 -2.030566 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Comparisons for CF 2 
Tukey Pairwise Comparisons: AR 
Grouping Information Using the Tukey Method and 95% Confidence 
AR N Mean Grouping 
HMT 11 13.4977 A    
HL 11 12.9880 A    
NO 11 10.7230    B 
Means that do not share a letter are significantly different. 
 
Mixed Effects Model: CF 3 versus SUB CF Task, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB CF Task*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB CF Task Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB CF Task 27.295289 79.50% 13.277086 2.055819 0.020 
Error 7.040295 20.50% 2.226337 3.162278 0.001 
Total 34.335583             
-2 Log likelihood = 178.438287 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 20.00 0.30 0.741 
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Model Summary 
S R-sq R-sq(adj) 
2.65336 85.85% 84.90% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 22.825636 1.641564 10.00 13.904811 0.000 
AR                
  HL 0.493091 0.653211 20.00 0.754872 0.459 
  HMT -0.137136 0.653211 20.00 -0.209942 0.836 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 3 Fit Resid Std Resid  
5 38.500000 33.322498 5.177502 2.458311 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: CF 4 versus SUB CF Task, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB CF Task*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB CF Task Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB CF Task 52.327664 94.23% 23.881408 2.191147 0.014 
Error 3.202356 5.77% 1.012674 3.162278 0.001 
Total 55.530020             
-2 Log likelihood = 168.568275 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 20.00 1.31 0.291 
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Model Summary 
S R-sq R-sq(adj) 
1.78951 96.14% 95.88% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 14.560697 2.203203 10.00 6.608878 0.000 
AR                
  HL 0.695758 0.440548 20.00 1.579302 0.130 
  HMT -0.210470 0.440548 20.00 -0.477746 0.638 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: CF 5 versus SUB CF Task, AR 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB CF Task*AR 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB CF Task Random 11 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB CF Task 46.286988 95.41% 21.033611 2.200620 0.014 
Error 2.227992 4.59% 0.704553 3.162278 0.001 
Total 48.514980             
-2 Log likelihood = 160.043142 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR 2.00 20.00 9.37 0.001 
Model Summary 
S R-sq R-sq(adj) 
1.49265 97.00% 96.80% 
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Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 14.221258 2.067710 10.00 6.877783 0.000 
AR                
  HL 1.395879 0.367464 20.00 3.798681 0.001 
  HMT -0.037939 0.367464 20.00 -0.103247 0.919 
Conditional Fits and Diagnostics for Unusual Observations 
Obs CF 5 Fit Resid Std Resid  
14 11.056000 13.776422 -2.720422 -2.331920 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Comparisons for CF 5 
Tukey Pairwise Comparisons: AR 
Grouping Information Using the Tukey Method and 95% Confidence 
AR N Mean Grouping 
HL 11 15.6171 A    
HMT 11 14.1833 A B 
NO 11 12.8633    B 
Means that do not share a letter are significantly different. 
 
Mixed Effects Model: SUP 6 versus SUB OTH Tasks, AR OTH 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB OTH Tasks*AR OTH 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB OTH Tasks Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR OTH Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
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SUB OTH Tasks 1.624093 69.04% 0.883783 1.837659 0.033 
Error 0.728448 30.96% 0.242816 3.000000 0.001 
Total 2.352541             
-2 Log likelihood = 95.530636 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR OTH 2.00 18.00 3.16 0.067 
Model Summary 
S R-sq R-sq(adj) 
0.853492 79.50% 77.98% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 10.192450 0.432077 9.00 23.589409 0.000 
AR OTH                
  HL 0.520400 0.220371 18.00 2.361476 0.030 
  HMT -0.424050 0.220371 18.00 -1.924258 0.070 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SUP 6 Fit Resid Std Resid  
5 14.979000 12.273125 2.705875 3.965988 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: SDO 7 versus SUB OTH Tasks, AR 
OTH 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB OTH Tasks*AR OTH 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB OTH Tasks Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR OTH Fixed 3 HL, HMT, NO 
Variance Components 
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Source Var % of Total SE Var Z-Value P-Value 
SUB OTH Tasks 1.217434 50.71% 0.771153 1.578719 0.057 
Error 1.183416 49.29% 0.394472 3.000000 0.001 
Total 2.400850             
-2 Log likelihood = 102.943223 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR OTH 2.00 18.00 0.42 0.665 
Model Summary 
S R-sq R-sq(adj) 
1.08785 63.67% 60.98% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 10.710533 0.401485 9.00 26.677261 0.000 
AR OTH                
  HL 0.254017 0.280881 18.00 0.904355 0.378 
  HMT -0.094333 0.280881 18.00 -0.335847 0.741 
Conditional Fits and Diagnostics for Unusual Observations 
Obs SDO 7 Fit Resid Std Resid  
30 5.722500 9.009181 -3.286681 -3.681685 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: LUP 8 versus SUB OTH Tasks, AR OTH 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB OTH Tasks*AR OTH 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB OTH Tasks Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
AR OTH Fixed 3 HL, HMT, NO 
Variance Components 
324 
 
Source Var % of Total SE Var Z-Value P-Value 
SUB OTH Tasks 0.192953 44.26% 0.131926 1.462581 0.072 
Error 0.242951 55.74% 0.080984 3.000000 0.001 
Total 0.435904             
-2 Log likelihood = 58.493315 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR OTH 2.00 18.00 3.04 0.073 
Model Summary 
S R-sq R-sq(adj) 
0.492901 62.11% 59.30% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 5.038917 0.165510 9.00 30.444743 0.000 
AR OTH                
  HL 0.267683 0.127266 18.00 2.103331 0.050 
  HMT 0.008133 0.127266 18.00 0.063908 0.950 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LUP 8 Fit Resid Std Resid  
14 6.592000 5.478653 1.113347 2.721822 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: LDO 9 versus SUB OTH Tasks, AR 
OTH 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB OTH Tasks*AR OTH 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
SUB OTH Tasks Random 10 2, 3, 4, 6, 7, 8, 9, 10, 11, 12 
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AR OTH Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB OTH Tasks 0.585348 67.32% 0.322131 1.817111 0.035 
Error 0.284118 32.68% 0.094706 3.000000 0.001 
Total 0.869465             
-2 Log likelihood = 69.494329 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR OTH 2.00 18.00 0.46 0.636 
Model Summary 
S R-sq R-sq(adj) 
0.533027 76.96% 75.25% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 5.165517 0.260778 9.00 19.808072 0.000 
AR OTH                
  HL 0.086983 0.137627 18.00 0.632022 0.535 
  HMT 0.043283 0.137627 18.00 0.314497 0.757 
Conditional Fits and Diagnostics for Unusual Observations 
Obs LDO 9 Fit Resid Std Resid  
1 5.093500 6.107628 -1.014128 -2.374931 R 
11 7.318000 6.063928 1.254072 2.936841 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
Mixed Effects Model: OUT 10 versus SUB OUT, AR OUT 
* NOTE * The following terms are confounded with the error term and are removed from 
the 
model: SUB OUT*AR OUT 
Method 
Variance estimation Restricted maximum likelihood 
DF for fixed effects Kenward-Roger 
Factor Information 
Factor Type Levels Values 
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SUB OUT Random 9 2, 3, 4, 6, 8, 9, 10, 11, 12 
AR OUT Fixed 3 HL, HMT, NO 
Variance Components 
Source Var % of Total SE Var Z-Value P-Value 
SUB OUT 7.138671 80.58% 3.861479 1.848688 0.032 
Error 1.720885 19.42% 0.608425 2.828427 0.002 
Total 8.859556             
-2 Log likelihood = 110.714797 
Tests of Fixed Effects 
Term DF Num DF Den F-Value P-Value 
AR OUT 2.00 16.00 2.65 0.102 
Model Summary 
S R-sq R-sq(adj) 
1.31183 87.12% 86.05% 
Coefficients 
Term Coef SE Coef DF T-Value P-Value 
Constant 9.670722 0.925701 8.00 10.446919 0.000 
AR OUT                
  HL 0.820333 0.357034 16.00 2.297636 0.035 
  HMT -0.371389 0.357034 16.00 -1.040207 0.314 
Conditional Fits and Diagnostics for Unusual Observations 
Obs OUT 10 Fit Resid Std Resid  
4 19.000000 15.505868 3.494132 3.397475 R 
R  Large residual 
* NOTE * Could not graph the specified residual type because MSE = 0 or the degrees of 
freedom for error = 0. 
 
